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e-Journal Reliability: Theory & Applications publishes papers, reviews, memoirs,
and bibliographical materials on Reliability, Quality Control, Safety, Survivability
and Maintenance.

Theoretical papers have to contain new problems, finger practical applications and
should not be overloaded with clumsy formal solutions.

Priority is given to descriptions of case studies.
General requirements: papers have to be presented in English in MSWord format;
desirably to be supplied with Russian version, since (at least now) most of readers

are Russians.

The total volume of the paper (with illustrations) has to be not more than 15 pages
(Times New Roman TTF - 12 pt - 1,5 intervals).

Publication in this e-Journal is equal to publication in other International scientific
journals.

Papers directed by Members of the Editorial Boards are accepted without referring.
The Editor has the right to change the paper title and make editorial corrections.

The authors keep all rights and after the publication can use their materials (re-
publish it or present at conferences).

Send your papers to

the Editor-in-Chief ,
Igor Ushakov
iushakov2000@yahoo.com

or

the Scientific Secretary,
Alexander Bochkov
a_bochkov(@yahoo.com
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FORUM PRESIDENTAL ELECTIONS

Dear friends,
In June, 2006 we had our Forum Presidential and Vice-presidential elections. Members of the Forum
were voting for two candidates stood for election, Vladimir Semenovich Korolyuk, President, and

David Cox, Vice-president.

All members of the Forum who took part in voting supported both candidates. The elections has taken
place.

General information:

PRESIDENT

KOROLYUK
VLADIMIR SEMENOVICH,

Academician, Academy of Sciences of the
Ukrainian Soviet Socialist Republic

Ukrainian mathematician, Academician,
Academy of Sciences of the Ukrainian Soviet
Socialist Republic (from 1976, corresponding
member from 1967). Graduated from Kiev
University in 1950.

As

From 1954 he worked at the Institute of Mathematics (Academy of Sciences of
the Ukrainian Soviet Socialist Republic), from 1965 at the same time he was
Professor of Kiev University.

Basic research trends are calculus of probabilities and mathematical statistics,
numerical mathematics and computer programming.

He developed the method of time-series deflation of deficiencies relying on
boundary layer effect, which appears at the change from integral, integro-
differential and finite-difference equations with small parameter to parabolic or
elliptical differential equations. He suggested and developed a new approach to
studying functional of Markovian and semi-Markovian processes based on
inverse of linear operators perturbed on spectrum.

He constructed the algorithm of complex system phase composition. He got
analytic expressions for generating function of end functional through
homogeneous process with independent increments. He framed potential
function and resolvent of semi-batch single-type processes with independent

absorbing increment.
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VICE-PRESIDENT

SIR DAVID COX
Ph. Doctor

He studied mathematics at the University of
Cambridge and obtained his Ph.D. from the
University of Leeds in 1949. He was employed
from 1944 to 1956 at industries, and from 1956 to
1966 he was Professor of Statistics at Birkbeck
College, London.

From 1966 to 1988 he was Professor of Statistics at Imperial College London. In
1988 he became Warden of Nuffield College and a member of the Department of
Statistics at Oxford University. He formally retired from these positions in 1994.

Sir David Cox has received numerous honorary doctorates. He has been awarded
the Guy medals in Silver (1961) and Gold (1973) of the Royal Statistical Society.
He was elected Fellow of the Royal Society of London in 1973, was knighted by
Queen Elizabeth II in 1985 and became an Honorary Fellow of the British
Academy in 2000. He is a Foreign Associate of the US National Academy of
Sciences. In 1990 he won the Kettering Prize and Gold Medal for Cancer
Research for "the development of the Proportional Hazard Regression Model."

Sir David Cox has written or co-authored 300 papers and books.

From 1966 through 1991 he was the editor of Biometrika. He has supervised,
collaborated with, and encouraged many younger researchers now prominent in
statistics. He has served as President of the Bernoulli Society, of the Royal
Statistical Society, and of the International Statistical Institute. He is now an
Honorary Fellow of Nuffield College and a member of the Department of
Statistics at the University of Oxford.

He has made pioneering and important contributions to numerous areas of
statistics and applied probability, of which the best known is perhaps the
proportional hazards model, which is widely used in the analysis of survival data.

In the course of voting the amendment to the Charter of the Forum was endorsed nemine dissentiente:
Founder of the Forum and Scientific Secretary of the Forum have no rights to run as a candidate for
Presidential and Vice- presidential election of the Forum.

-10 -
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The amendment was adopted and it should be read in the following edition:
in Russian:

8. Ocnosatens @opyma u Yuensrii Cekperaps @opymMa HE HMEIOT IPaBa OBITh N30PAHHBIMU HA TTO3HIIUH
[TpesunenTa wim Bune-npesuaenta Gopyma.

in English:

8. Founder of the Forum and the Scientific Secretary of the Forum have no right to be elected on positions of
President or Vice-President of the Forum.

Appropriate amendment has been introduced to the Charter of Forum. Our congratulation to all
members of Forum with such representative management team and we invite everybody to active
partnership in our electronic journal. From No. 3 our journal has its official identification number ISSN

1932-2321.
' — Fﬁ - /Igor Ushakov/
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Stochastic Ageing
and Dependence
for Reliability

.....

\N

Chin-Diew Lai
Min Xie

STOCHASTIC AGEING
AND DEPENDENCE
FOR RELIABILITY

Chin-Diew Lai and Min Xie

Ageing and dependence are two important
characteristics in reliability and survival
analysis, and they affect significantly the
decision people make with regard to
maintenance, repair/replacement, price setting,
warranties, medical studies, and other areas.
There are many papers published at different
technical levels. This book aims at providing a
state-of-the-art review of the subject so the
interested readers may have a panoramic view
of the theory and applications of the two areas.

This book serves as reference book for
professors and researchers involved in
reliability and survival analysis. Students with
basic probability and statistics knowledge
interested in applications will also find the
book useful.

Chin-Diew Lai obtained Ph.D. in Statistics from the Victoria University of Wellington. He held
positions at the University of Auckland and the National Chiao Tung University (Taiwan) prior to
coming to Massey in 1979. Professor Lai has published over 90 peer-reviewed papers and coauthored
two well-received books. He is one of the two Editors-in-Chief of the Journal of Applied Mathematics

and Decision Sciences.

Min Xie obtained his Ph.D. in Quality Technology from Linkdping University in Sweden. He joined
the National University of Singapore in 1991 and was awarded the prestigious Lee Kuan Yew research
fellowship. Professor Xie has authored numerous papers and several books, and serves as editor or

editorial board member in several international journals.

ISBN 0-387-29742-1
WWW.Springer.com

-12 -
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Gregary Levitin £ i

N

The ljn' ersal Generating

Function in Reliability
Analysis and Optimization

The author develops techniques of Universal Generating Function
introduced by I. Ushakov in the middle of 80-e. The book offers a
description of the universal generating function technique and its
applications in Reliability Analysis of binary and multi-state systems and
as well to optimization of series-parallel structures under certain
constraints. The book supplies with a number of examples from
engineering practice.

Many real systems are composed of multi-state components with
different performance levels and several failure modes. These affect the
whole system's performance. Most books on reliability theory cover
binary models that allow a system only to function perfectly or fail
completely. The Universal Generating Function in Reliability Analysis
and Optimization is the first book that gives a comprehensive description
of the universal generating function technique and its applications in
binary and multi-state system reliability analysis. It features: an
introduction to basic tools of multi-state system reliability and
optimization; applications of the universal generating function in widely
used multi-state systems; examples of the adaptation of the universal
generating function to different systems in mechanical, industrial and
software engineering.

This monograph will be of value to anyone interested in system
reliability, performance analysis and optimization in industrial, electrical
and nuclear engineering.

Table of Contents
1. Basic Tools and Techniques
Universal Generating Function (UGF) in Reliability Analysis
of Binary Systems
Introduction to Multi-state Systems (MSS)
4. UGEF in Analysis of Series-parallel MSS

(5]

5. UGEF in Optimization of Series-parallel MSS
6. UGF in Analysis and Optimization of Special Types of MSS
7. UGF in Analysis and Optimization of Consecutively

Connected Systems and Networks
8. UGF in Analysis and Optimization of Fault-tolerant Software.

Gregory Levitin

THE UNIVERSAL GENERATING

FUNCTION

IN RELIABILITY ANALYSIS
AND OPTIMIZATION

Springer, 2005

ABTOp pa3BMBaE€T METOJA YHHMBEPCAIbHBIX NPOM3BOASAIIMX (DYHKIHH,
BBefleHHBIX M. VYmakoBeiM B cepeauHe 80-x romoB. B kHure
NpeajaraeTcss ONHMCAaHWE MeToJa M IIPUMEHEHHE €ero K aHalu3y
HaJIOKHOCTH  CHCTEM C JBYMS M MHOTHMH COCTOSIHUSIMH, a TaKXke K
peLICHUI0 3aa4 ONTUMHU3ALMU TPH HAIWYMK orpaHudeHuil. Kuura
cHaO)xeHa OOJBIIMM YHCIOM IPHMEPOB MPAKTUYECKOTO NPUMEHEHHUS
METO/Ia.

MHorue peanbHbIE CHCTEMBI COCTOAT H3 JJEMEHTOB, HMEIOIIUX
HECKOJIBKO YpPOBHEH (DyHKIHOHHUPOBAHHS, YbH COCTOSIHHS BIMSIOT U Ha
oIepaTuBHbIC BO3MOXKHOCTH CUCTeM. B 1aHHON KHUTe JaeTcs eTaabHbIH
aHaJIN3 TMOJOOHBIX CHCTEM C HCIOJIB30BAHMEM METOJ| YHHUBEPCAIbHBIX
MIPOU3BOSIINX (QYHKIIUI, IPHBOANUTCS MHOTO HPAKTHYECKUX IPUMEPOB.

Kuura OyzmeT MHTepecHa I BCeX, KTO MHTEPECYeTCs HaIeKHOCTHIO
Pa3IMYHBIX TEXHUYECKUX CHCTEM U UX ONTUMU3ALMEH.

OraBieHne KHUTH:

1. Omucanue meToga

2. VYuuepcanpHas npousBoasdmas ¢ynkuus (YII®) B pacuerax
HaJIe)KHOCTH CHCTEM C JABYMSI COCTOSHHAMH

3. BseneHwue B aHaM3 cUcTeM ¢ MHOrHMH cocTosiHusIMU (CMC)

4.  HUcnonpzoBanume VYII® s aHanmse TOCIEAOBATEIbHO-
napamtenbusix CMC

5. Hcnonp3oBanme YIID m1s onTUMH3aIUHM MOCIEIOBATEIBHO-
napauienbHeix CMC

6. Ucnonb3oBanue YIID qis onTHMH3ALKUK CIICHIMAIBHBIX BHUI0B
CMC

7.  Hcnons3oBanue YIID g onTHMH3AIMKA I1OCIEAOBATEILHO
COC/INHEHHBIX CUCTEM H CeTeH

8. Ucnomp3oBanve VYII® juis  aHanmza ¥ ONTUMH3ALMHU
MPOrPaMMHOTO 00ECTICUeHHS

-13 -
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. I'epudax

1. Gertsbakh elyager@bezeqint.net

TEOPUA HALEXHOCTHU
Reliabilit C NPUNOXEHUAMM K
eliabiiity NMPOPUNAKTUYECKOMY

Theory OBCNYXXUBAHUIO

With Applications to
Preventive Maintenance

MockBa 2003 - 263 ctp.

[TepeBon ¢ anrnuiickoro M.I'. CyxapeBa
Hox pen. B.B.PrikoBa Rykov@rykovl.ins.ru
I'VII U3a-Bo "Hedts uraz" PI'Y um. U.M. I'yOkuHa,

JLis nproOpeTeHnss KHUTH 0OpaTUTHCS T10 apecy:
PI'Y nedru u raza um. U.M. I'yOkuna,
11991, Mockaa, Jlenunckuii npoct., 65

Ten: 135-84-06, 930-97-11. @akc : 135-74-16

lﬂ Springer

Ora KHHTA - TIepeBo ¢ aHrmickoro MoHorpaduu 1. Gertsbakh, Theory of Reliability With Applications to
Preventive Maintenance, Springer-Verlag- 2000.

ABTOp - WM3BECTHBIH CIEIMATHCT B OONACTH TEOPHHM HAJEKHOCTH - HaNKCal €€ Ha OCHOBE JIeKIHH,
npouuTaHHbIX B 1997-1999 rr. B YHuUBepcutere uM. ben-I'ypuona (M3pamnb) Uit CTyIEHTOB WH)KEHEPHBIX
crieruanbHOCcTe. M.I'epridax 3HaKOM pPycCKOMY 4MTaTeNro Mo KHuram "Mojenu otka3oB" (coBmectHo ¢ X.b.
Kopmonckum, 1966) u "Mogenu npodunakruxu” (1969).

"Teopus HaZEKHOCTH" HAIIMCAHA IPOCTO U AOCTYIIHO, B HEHl HET JUIMHHBIX U TPOMO3/IKHUX J0KA3aTEeNbCTB, B HEH
MHOT'O MHTEPECHBIX IPUMEPOB U 331a4 C NOJPOOHBIMH PELICHUSIMU U allTOPUTMaMM, HAIMCAaHHBIMU Ha IaKeTe
Mathematica.

B ITpunoxennn naercs Hopmansaas u BeitOyoBckas BeposTHOCTHas Oymara .

JeranpHyto nHGOpManuio 00 3ToW KHHTe ([T0-aHIVIMHKK) MOHO HalTH Ha caiire

www.amazon.com , under "books", "Gertsbakh"

Kuaura comepxutr CBemeHHs O CTATUCTHYECKOH 00pabOTKe HEMONHBIX (YCEUYCHHBIX) NAHHBIX, TEOPHUIO
pacmpeneieHuii B HAJIEKHOCTH,  MOJCIH HPOPHIAKTHYECKOTO  OOCIY)KMBAaHUS CUCTEM  C MHOTHMU
COCTOSIHUSIMHU, HOBBIH MaTepHai IO 0OCIyXKHBAHUIO C O0YYCHHUEM | IO BHIOOPY ONTHMAIBHBIX IIIKAI BPEMCHH.

JTa KHHUTa NACAJIbHO IIOAXOJUT KaK y‘IC6HI/IK N y‘IC6HOC rmocooue 1o TCOpI/II/I HaJCXKXHOCTHU, HpI/IJ'IO)KeHI/ISIM

TCOpUn BepOS[THOCTeﬁ, Beegenuio B CHy‘—IafIHI:IC mpouecCbl, U MOXKECT OBITh HCIIOJIL30BaHA CTYACHTaMH,
aCliMpaHTaMU W HayYHbIMH pa6OTHI/IKaMI/I HWHKCHCPHBIX CIICITUATILHOCTEN U NpUKIaIHBIMU MaTCMaTUKaMU.

- 14 -
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The First International Conference On Maintenance Engineering (ICME '06)

UESTC, Chengdu, Sichuan, P.R.China
October 15-18, 2006

Conference's Theme: " New Century, New Maintenance "

Vo=t

B T
"

Organized by
The Maintenance Professional Committee, China Ordnance Society (MPCCOS)

In Cooperation With

University of Electronic Science and Technology of China (UESTC)

International Foundation for Research in Maintenance

Remanufacturing Technology Committee, China Association of Plant Engineering Construction
Machinery Maintenance Committee, China Association of Plant Engineering

Maintenance Engineering Institution, China Construction Machinery Society

Repairing Ship Academic Committee, CSNAME

Sponsor

IEEE Reliability Society (Technical Sponsor)

National Natural Science Foundation of China (NSFC)
Chinese Academy of Engineering

Reliasoft (China) Corporation

Call for Papers (ICME’06)

The purpose of ICME’'06 is to promote interactions between academic researchers and industrial practitioners. We are
particularly interested in exchanging practical approaches, concepts, prototypes, and other results which could contribute to
the academic arena and also benefit business and the industrial communities.

The conference aims to bring together researchers and practitioners that are interested in sharing the latest theoretical and
practical ideas/results in the maintenance field. The conference features keynote presentations from Jay Lee, Min Xie, Basim
Al-Najjar, Jinji Gao, Hoang Pham, Wenbin Wang, and Xisheng Jia.

The conference includes paper sessions, panel sessions and product exhibition. We sincerely expect your participations and
presentation of new ideas and experiences in the maintenance field. Interested parties and personnel other than the authors
are also welcome.

Papers submitted to the conference should describe original work in the maintenance filed. Case studies, empirical research
and experimental results are particularly welcome. Papers should be in English and 2000 - 8000 words in length. Papers
should be submitted in PDF or PostScript format via email to yangbo@uestc.edu.cn or mgiang@uestc.edu.cn .

Topics of interest include but are not restricted to the following:

-15-
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+ Equipment Management and Maintenance

¢ The Theory, Technology and Method of Active Maintenance
+ Condition Based Maintenance (CBM)

+ Reliability Centered Maintenance (RCM)

+ Software Maintenance
+ Emergency Maintenance

¢ Tele-Diagnosis and Maintenance

+ e-Maintenance

+ Maintainability & Maintenance Modeling
+ Reliability, Maintainability, Testability, Supportability
+ Analysis and Design Technology

Important Dates

Deadline for paper submission: June 15th, 2006
Notification of acceptance July 31st, 2006

Early registration: September 10th, 2006
Deadline for registration: September 30th, 2006
Date of Conference: Oct.15th -Oct.18th, 2006

The Organization of ICME 2006

Conference Chair

Binshi Xu
Professor

Co-Chairs
Jinji Gao
Shanghe Liu
Min Xie

A. K.S. Jardine
Jay Lee

Dong Ho Park

Academician Chinese Academy of Engineering
National Key Laboratory for Remanufacturing, China

Academician Chinese Academy of Engineering

Professor Beijing University of Chemical Technology, China
Academician Chinese Academy of Engineering

Professor Shi Jiazhuang Mechanical Engineering College, China
Professor National University of Singapore, Singapore

Professor University of Toronto, Canada

Chair Professor Ohio Eminent Scholar & L.W. Scott Alter Chair Professor
in Advanced Manufacturing, USA

Professor University of Cincinnati, USA

Honorary President Korean Reliability Society

Professor Hallym University, Korea

Program Committee Chairs

Xisheng Jia

Hong-Zhong Huang

Hoang Pham
Renkuan Guo
Wenbin Wang

General Secretary Maintenance Professional Committee, China Ordnance Society
Professor University of Electronic Science and Technology of China

Professor Rutgers University, USA

Professor University of Cape Town, South Africa

Senior Lecturer University of Salford, UK

Program Committee Members

Basim Al-Najjar

G. Levitin
Changping Liu
Mingjian Zuo
Eui Yong Lee
Rui Kang
Lirong Cui
Jiashan Jin
Maozhi Gan
Jianping Hao
Liyang Xie
Yuan Lu
Yuanshun Dai
Jianfeng Yang
Bo Yang

Chair Centre of Industrial Competitiveness (CIC)

Professor Vaxjé University, Sweden

Engineer-Expert Israel Electric Corporation Ltd., Israel

Vice Chair Total Productive Maintenance Committee, CAPE, China

Professor University of Alberta, Canada

Professor Sookmyung Women's University, Korea

Professor Beijing Institute of Technology, China

Professor Beijing Institute of Technology, China

Professor Naval University of Engineering, China

Professor Shijiazhuang Mechanical Engineering College, China

Associate Professor Shijiazhuang Mechanical Engineering College, China
Professor Northeastern University, China

Assistant Professor Technische Universiteit Eindhoven, Netherlands
Assistant Professor Indiana University-Purdue University Indianapolis (IUPUI), USA
Professor Beijing University of Chemical Technology, China

Associate professor University of Electronic Science and Technology of China
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Steering Committee Chairs

Li Du University of Electronic Science and Technology of China
Senlin Zhang Shijiazhuang Mechanical Engineering College, China
Kevin Zhao Reliasoft (China) Corporation

Keynote Speakers:

1. Jay Lee Chair Ohio Eminent Scholar & L.W. Scott Alter Chair Professor in Advanced Manufacturing, USA
Professor University of Cincinnati, USA

2. Jinji Gao Academician Chinese Academy of Engineering
Professor Beijing University of Chemical Technology, China

3. Min Xie Professor National University of Singapore, Singapore

4. Basim Al-Najjar Chairman Centre of Industrial Competitiveness (CIC)
Professor Vaxjo University, Sweden

5. Hoang Pham Professor Rutgers University, USA

6. Xisheng Jia General Secretary Maintenance Professional Committee China Ordnance Society, China
Professor Shijiazhuang Mechanical Engineering College, China

7. Wenbin Wang Senior Lecturer University of Salford, UK

Conference Secretariat

Bo Yang University of Electronic Science and Technology of China

Qiang Miao University of Electronic Science and Technology of China

Zongwen An University of Electronic Science and Technology of China

Xusen Xu Shijiazhuang Mechanical Engineering College, China

Runsheng Wang Shijiazhuang Mechanical Engineering College, China

Yuhong Gan Shijiazhuang Mechanical Engineering College, China

Contact

Dr. Bo Yang yangbo@uestc.edu.cn
Dr. Qiang Miao mgiang@uestc.edu.cn
Addr.:

Department of Industrial Engineering, School of Mechanics and Electronics Engineering, University of Electronic
Science and Technology of China, Chengdu, Si Chuan, P.R.China, 610054

Tel: 86-28-83202570

Fax: 86-28-83202570

LOCATION

ICME '06 is to be held in Chengdu, which is situated in the middle of Sichuan Province, the West Sichuan Plain. The annual average temperature is around 16.4 degree. Chengdu is a
paradise for food-lovers. As is known, Si Chuan Cuisine is one of four the best well-known Chinese cuisines. According to current statistical figures, there are 4000 different kinds of dishes
in Si Chuan Cuisine and 300 of them are well-known ones. Si Chuan dishes can be summed up as “fine ingredients, refined combinations, skilled cooking and varied tastes”, which
emphasizes “taste”, particularly “Ma” (Spicy) and “La” (Hot). Famous Chuan dishes include steamed jiangtuan, guoba squid, pocket bean curd, duck made with zhangcha, hot bean curd,
duck stuffed with bean mud, fried chicken blood, etc. Chengdu is also a shopping paradise where various shopping centers can be found. As Chengdu is a famous cultural and historical
city of China, different from department stores in general, shopping centers here also sell Chinese herbal medicines, antiques, classic books, handcrafts etc. In particular, “Buxing Jie” is a
recommended street with different kinds of shops there. Goods here have been appraised by experts. In Songxiangiao Art City one can find antiques paintings, coins and handcrafts, etc.
Scenery Spots around Chengdu include:

JIUZHAI GOU

Jiuzhaigou is recognized by the UN as one of the greatest natural legacies in the world. It is located in the Nanping county of Aba province which lies 450 kilomiles away from Chengdu.
With the total area of over 72,000 hectares, it is named as JiuZhaigou because there were 9 “Zang” (a Chinese clan) stockaded villages. The tourist spot is divided into 5 scenic areas
including Baojing Rock, Shuzheng, Rizi, Jian Rock, Chang Sea and ZhaYu. Most of the spots are found within the 3 main Y-shaped gaps. Besides, there are more than 100 highland lakes
scattered like a terraced field. The turquoise water is clear and fresh. In particular, Jiuzhaigou's KeSiTe image, the magnificent waterfall and fountain are attractive sites. Jiuzhaigou is
known as “kingdom of fairy tale”.

SANXING DUI

SanXing Dui Ancient City is the eldest and largest Shu ancient city found in China. In 1986, two enormous altars from the Shang dynasty, the top copper statue of the world—bronze
human figures and a gold masks were found. SanXing Dui ancient city is a top attraction and is regarded as one of the biggest business cities in ancient China.

E’MEI MOUNTAIN

Emei Mountain is also recognized by the UN as one of the greatest legacies of ancient culture and natural landscape. It is situated 160 kilometers away from the southwest Chengdu. The
mountain extends more than 200 kilometers and the epic reaches 3099 meters above the sea level. Tourists can reach 3077m above the sea level. It was said that there is an old man
called Old Pu in the 6th Wing Ping year of the King Ming in East Han Dynasty. One day, he saw a magic deer so he followed it to the Golden Top. The deer disappeared suddenly. Old Pu
asked Bao Zhang, a monk, about it. The monk told him that Puxian Buddha has changed into a deer. Since then, Old Pu became a monk and worshipped Puxian Buddha. In Emei
Mountain its features are craggy, the cliffs are layered and the trees are a lush green, and that is why there is a Chinese saying that “Emei is the most graceful place in the world”.

WUHOU TEMPLE

Wuhou Temple was built in commemoration of Zhuge Liang, the Prime Minister of the Shu Han Dynasty. In the beginning of the Ming Dynasty, it was merged with the Chao Lie Temple in
commemoration of Liu Bei. The temple displays the suppleness of the Chinese garden. There are numerous historical relics like horizontal cribbed boards, couplets, inscribed tablets,
penmanship, furnaces, Chinese tripods, etc. The San Jui (Three-Bests) horizontal inscribed board, Zhuge Liang’s Lung Gun couplets, Chu Si Biao and the tomb of Liu Bei are the most
famous one.
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OBSERVED STATISTICAL RISKS IN INSPECTION
FOR QUALITY & RELIABILITY

Ernest V. Dzirkal
Victor A. Netes

Key Words — Statistical inspection of quality and reliability, Hypothesis testing,
Observed risks, Confidence limits.

Summary & Conclusion - This paper presents the concept of observed risks.
These risks are determined after the statistical inspection tests of quality or
reliability, so they depend on the test results. They allow evaluating probability of
erroneous decisions (risks) after the test, not before it as it is traditionally done.
We give the main properties of the observed risks. Numerical examples illustrate
the suggested concept and demonstrate its usefulness.

1. INTRODUCTION

In natural sciences an experiment is usually planned so that its conjectural error does not exceed some
chosen value, but after termination of the experiment its actual error is estimated. However in
statistical test problems another approach is generally used. The probability of risks is considered as
the measure of risk before the test as well as after it. This is strange, but after the test completion and
decision making, the risks does not become more accurate.

This paper intends to fill up this gap for the problems of quality and reliability inspection. Besides that
the problem of inspection with the use of confidence limits and two levels of a checked index is
solved.

This approach was officially admitted in 1987 in the former USSR and the appropriate technique has
been included in the National Standard [1]. Nevertheless it did not attract attention of theoreticians and
it is not mentioned in the University courses and practical manuals. Therefore the authors would like
to attract attention to this approach, which was described in their previous papers [2, 3] and handbook

[4].
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2. NOTATION

QO — quality or reliability index of some item.
Qo — acceptance level of Q.
Q) —rejection level of Q.

Hy —null hypothesis: H,, = {Q > QO} for the positive index (the larger the value of Q, the higher quality
or reliability); H, ={0 < QO} for the negative index (the smaller the value of Q, the lower quality or
reliability).

H, — alternative hypothesis: H, ={Q<Q,} for the positive index; H, ={Q>Q,} for the negative

index. (We will consider further the positive index).
x — test data.

Xo — acceptance region.

X — rejection region.

a — (planned) producer's risk: & =Pr{xe X ;H,}.

S — (planned) consumer's risk: g = Pr{x e X, H 1} .
O.(x,y) — lower confidence limit for Q under the test data x and confidence coefficient y .
O’ (x,7) —upper confidence limit for O under the test data x and confidence coefficient y .

r et Q"

Pr(n,A)=)

— Poisson distribution.

n!

3. OBSERVED RISKS IN THE CASE OF SINGLE-SAMPLE INSPECTION
WITH THE USE OF ACCEPTING CONSTANT

In this case we use some test statistic S(x), which is a function of the observations, and the accepting
constant C. Let the test statistic S(x) be such that the larger its value, the stronger the evidence of
higher quality or reliability of the tested item). The null hypothesis Hj is accepted and we make the
decision that the item conforms to quality or reliability specifications whenS(x)>C. The Hj is

rejected and we make the decision that the item does not conform to the specifications when S(x) < C'.

Thus

X, ={x:S(x)=C}, (1a)
X, ={x:S(x)<C}. (1b)
Hence

a=Pr{S(x)<C;H,}, (2a)
,B:Pr{S(x)ZC;HI}. (2b)
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The observed producer's risk gt(x*) for test data x~ is defined as the probability that the result for the
item with the value of index not less than Oy will not be better than x .

The observed consumer's risk ﬁ(x*) for test data x" is defined as the probability that the result for the
item with the value of index not greater than O will not be worse than x .

Therefore
a(x)=Pr{S(x) < S(x"); H,}, (3a)
B =Pr{S(x)>S(x");H,}. (3b)

Thus in determining the observed risks we use the value of test statistic itself and not only the fact that
it is greater or less than the acceptance constant C [compare (3a,b) with (2a,b)].

Theoretically the observed risk corresponds to the observed significance level in statistics [5].

Observed risks may be determined in the both cases: acceptance and rejection. If we wish make the
consumer's and producer's planned risks equal (a=/), the above-mentioned decision rule

[corresponding with (1a,b)] may be formulated also without using the acceptability constant C by
comparing the observed risks as follows:

a > [ - acceptance, @ < [ - rejection

(see Example 1 and Theorems 3 and 4 below). In other words, we choose the decision, which
corresponds to the smaller observed risks.

Example 1
Consider the acceptance sampling with inspection by attributes and let the accepting and rejection

levels be go=0.05 and ¢; =0.15, respectively. We assume Poisson distribution for the defective
number d:

Pr{d = n;q} = exp(-Ng)(Ng)" /n!,
where N is sample size, ¢ is actual number of defects.

If N =40, acceptance number 4 = 3, rejection number R=A4 + 1 =4, then ¢« =0.143 and g =0.151.

The observed producer's risk a when the observed number of defects is d” defines as the probability
to have not less defectives than d under the fraction defective go.
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The observed consumer's risk ﬁ is the probability to have not greater than d’ defectives under the
fraction defective ¢;.

Therefore o =1-Pr(d" -1, Ng,) B= Pr(d", Ng,).

Table 1 contains the observed risk for this example.

TABLE 1
Observed risks for Example 1
d 0 1 2 3 4 5 6 7 8
& 1.000 | 0.865 | 0.594 | 0.323 | 0.143 | 0.053 | 0.017 | 0.005 0.001
ﬁ 0.002 | 0.017 | 0.062 | 0.151 | 0.285 | 0.446 | 0.606 | 0.744 0.847

The observed producer's risk o equals the planned producer's risk @ when d =R=4 (R is the

minimal number of defects in the rejected lot); when d is increasing a is rapidly decreasing.

The observed consumer's risk ﬁ equals the planned consumer's risk B when d =Ac=3 (dc is the

maximum number of defects in the accepted lot); ﬁ is rapidly decreasing with decreasing d'.

4. MAIN PROPERTIES OF OBSERVED RISKS

Theorem 1.If X" € X,, then a(x')<a;if x" € X, then B(x)< 3.

Proof. (we provide proofs only for one of the risks, for another risk they are analogous):
Let x" € X,. From (1b) S(x") < C and {x:S(x) < S(x")} = {x:S(x) < C},

50 Pr{S(x) < S(x")} <Pr{S(x) < C}.

Thus from (3a) and (22) a(x" )<« .

Theorem 2. sup oAc(x) =a, sup ﬁ(x) =p0.

xeX, xeX,

Proof: Let o =supS(x). If there exists x € X, so that S(x')=a, than X, = {x :S(x) < S(x*)} and

reX,
a= Pr{Xl;HO} = Pr{S(x) < S(x*);HO} = gt(x*) .

If there does not exist such x, then there exists a sequence x, € X, so that S(x,) T & . Then sequence
of sets X, ={x:8(x)<S(x,)} isincreasing and UX ', = X, so Pr{X'n} — Pr{X}.

Therefore a(x,) = Pr{X'n;HO} > Pr{X;H}=a.
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Theorem 3. Let = 8. Then B(x")<a(x’) for x e X,, a(x) < B(x") for x" € X,.
Proof:
If x" € X, then S(x')>C and B(x")< f=a=Pr{S(x)<C;H,} < Pr{S(x)<S(x");H,|= a(x).

Theorem 4. Let o= 8. If B(x") <a(x’) then x" € X,;if a(x") < B(x") then x" € X,.
Proof: The assumption that x" € X , when z’(x*) < oAt(x*) involves a contradiction, because in this case

a(x)< B(x)<a(x"). Thus x" € X, .

5. INSPECTION WITH THE USE OF CONFIDENCE LIMITS

The decision rule in the case of inspection with the use of confidence limits is [2, 4, 6]:

0.(x,1-p)=20,, O (x,1-a) > Q, — acceptance; (4a)
0.(x,1-B) < Q,, O (x,1-a) < Q, — rejection. (4b)

Under some natural constraints we can choose the extent of test to ensure the fulfillment of one of
these two conditions for acceptance or rejection [2, 4, 6].

Usually, the confidence limits are built on the base of some statistic £(x) [6] so that

0" (x,7) = A(E(x), 1), Ou(x,7) = B(&(x),7),

where A(-) and B(‘) are some functions. In this situation the decision rule (4a,b) is equivalent to the
decision rule corresponding (1a,b) with S(x) =<£(x) and some acceptability constant C [6].

In the case of inspection with the use of confidence limits the observed risks gz(x*)and ﬁ(x*) are
determined from the equations

Q*(x*al_a)=Q()7 (Sa)
0.\ 1-p5)=Q,. (5b)
Sometimes the extent of the test depends on external circumstances. For example, the duration of field

test often equals a standard time period: a month, a quarter, a year. In these cases we can not plan the
test to ensure required risks & and £ beforehand, so the inspection by means of confidence limits is

very suitable.

After obtaining all possible data x we determine the confidence limits Q'(x,7,) and Q.(x,7,) to
satisfy one of the following conditions:
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0" (x,7)>0ps 0(x,7,)=0;; (6a)
0.(x,7,)< 0, O'(x,7) =0, (6b)

It can be attained by choosing appropriate values of y, and y, with some predetermined relationship

between them (it may be recommended y, = y,).

In the case of (6a) we make a decision about acceptance with the consumer's risk z’ =1-y,. In the

case of (6b) we make a decision about rejection with the producer's risk a=1- -

Example 2

Consider the field test of an item. We check its MTBF and the acceptance and rejection levels of
MTBF are Ty and 7, = 0.57) respectively. The test duration is limited and equals ¢ = 47;. Let the
distribution of time between failures be exponential. In this case we can not guarantee the planned
risks & and £ less than 0.2. These risks satisfy neither producer nor consumer. However, the test was

carried out and its data was fixed.

The confidence limits for MTBF are [4]

T.=t/A_, (r), T =t/A, (r-1),

where ¢ = 47, is duration of the test,  is the number of failures during this time and A (n) is the
percentile of the Poisson distribution, i.e. the root of the equation Pr(n,A (n)) =7y .

Choosing y, and y, to satisfy (6a) or (6b), we obtain the results presented in Table 2.

The maximum values of observed risks & and ﬁ equal 0.2, but they correspond only with »=15 and
r = 6. For other test results, the observed risks are less than 0.2. Therefore if, for example, the number

of failures » = 2, then the item will be accepted with observed risk 2’ =0.015 and the consumer will
not be afraid that his risk is too great.
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TABLE 2
Decisions and Risks for Example 2

Number AObserved risk:

of Decision o for acceptance,
failures B for rejection

0 <0.001

1 0.005

2 acceptance 0.015

3 0.05

4 0.10

5 0.20

6 0.20

7 0.13

8 rejection 0.05

6. CONCLUSION

It seems to the authors that the suggested approach solves the following problems:

e The problem of experiment's error estimation in statistical inspection is solved in a natural way:
after the test completion with taking its results into account. This decision deserves to be
included in textbooks, handbooks, standards etc. in order to complete the traditional approach
using only planned risks.

>
0

=
Y

7

e The long-standing question how confidence limits can be used in statistical inspection (i.e.
about the connection between determination and check test) is solved for the case of two-level
quality or reliability inspection.

The suggested approach allows:

e To determine the observed risks and to make more precise and realistic decision making.

e To check quality and reliability directly using confidence limits of the checked index itself and
not using indirect measures connected with this index (number of failures, defects etc.). It
enables to check complex indices such as availability and efficiency ratios.

e To introduce into the results of check test some quantitative appraisal of quality, for example to
divide accepted items into quality levels according to the values of observed risks fixed, when

the appropriate lots were tested.

e In spite of absence of preliminary test planning it is possible to make decision based on all
obtained statistical data and indicating the observed risks.
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REDUNDANCY AND RENEWAL OF SERVERS IN

OPENED QUEUING NETWORKS

G. Sh. Tsitsiashvili
M.A. Osipova

Viadivostok, Russia’

An opened queuing network with a redundancy and a renewal of servers is considered. To
calculate a stationary regime in this network directly it is necessary to consider sufficiently complicated
and large system of linear algebraic equations. A special control of the network route matrix allows to
use product theorems and so to simplify these calculations significantly.

At first the network with a variable set of servers is analyzed. Then we suppose that an each
server of the network may fail and be restored independently. At last we consider different variants of
servers redundancy in the opened network. Considered network models are on a joint of queuing and
reliability theories.

Opened network with variable set of servers

Consider opened queuing network G [1, §2] with Poisson input flow with the intensity 4 and /
nodes. Each node contains single server with exponentially distributed service time with intensity z, ,

k=1,...,/ . Input flow comes into the network from the node O (internal source) and customers depart
from the network to this node too.

Denote by S the set of all subsets (with ordered by values elements) of the set{ L...,/ } .Fix seS§
and suppose that a motion of customers may be only between the nodes of the subset SU{O} and

customers do not depart from other nodes and do not arrive in these nodes. A customer motion in s -th
eij (S) i, jesU{0} :
Vi, jesU{0} Ji,...,i, esU{0}:6; >0,6,; >0,...6, ,>0.

Ll Y

state of the network is defined by the indivisible route matrix ©O(s)=

Suppose that for fixed 4,,...,4,,0 < A, < ;, 1 <i <[, the route matrices @(s) satisfy the conditions
(l,ﬁ,i,ies):(/l,/li,ies)@(s), seS,szd. (1)

For s =0 customers do not arrive into the network, do not depart it, do not move between internal
nodes of the network and are not served in them.

FixA(s) >0,5se8, X A(S) =1, suppose that the matrix Hv(s,s*)
seS

A(s) *ZSV(S,S*)= *ZSA(S*)V(S*,S).

1s indivisible and

5,5 €S

! guram@iam.dvo.ru, maol975@list.ru 690041, Vladivostok, Radio 7 str.,Institute of Applied Mathematics, Far Eastern Branch of RAS
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DenoteY ={n=(n,...n;):m 20,..,n,20} and designate e,- [-dimensional vector in which j-th

component equals 1 and all others equal zero.
The network G with so controlled set of nodes is defined by Markov processx(t) =(s(2), y(2))

(s(?) characterizes a set of working nodes, y(?) characterizes numbers of customers in the network G
nodes) with the state set X = SxY and transition intensities (/ (A)is and an indicator function of an

event 4 )
A((s,n),(s*,n*)) =y, (n,n*)l(s =s*)+v(s,s*)l(n =n*).
Here for seS, s#J,
A0y (s),n" =n+e kes,

7, (n,n*)z min (n;,1) 14,60 (s).n =n—e; kes, )
min (., 1) 4,6, (s),n" =n-e; +e; k= j.k, jes,

and y, (n,n*) =0,s =0. The process x(t) is ergodic [2, §4] and its limit distribution has the form

[1(s,n)=A(s)z(n),(s,n)e X, (3)
l n; /
_ A m
=C'I| |, ney, C=I]| " |
ﬂ(n) il}l(ﬂiJ "e il}l(ﬂi_ﬂ'i]

Remark 1. If 4, =A<y, 1<i<l, then arbitrary symmetric route matrices @(s),s €S, satisfy the
conditions (1).
As an example consider an opened queuing network with two one-server nodes and a route matrix

O which has zero diagonal elements and 2 no diagonal elements. Here an input intensity is A and
service intensities are 1, u,.If both servers work then s={1,2} and this network is described by figure

1.
()
1/2

4 12| |12

1/2 N
()=

Figure 1. The queuing network with s={1,2}.

Suppose now that the first server works and the second server does not work. Then the initial two
nodes network transforms into an one node network with s={1} and with ;=1 as for i=0, j=1 so for

i=1, j=0, in all other cases 6?1-]. =(.
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L YT
O

Figure 2. The queuing network with s={1}.

Analogously it is possible to consider the case when s={2} and the second server works but the first

server does not work.
IU
_— >
()——

Figure 3. Queuing network with s={2}.

Last case is when both servers does not work and so s= @.

O O

Figure 4. Queuing network with s= Q.

Now define failures and renewals of servers in considered networks as follows .

¢ >, ¥
23 12

{1

1} C 2 o

| e

-

Figure 5. Transitions between queuing networks with different structures.

Here transition intensities in the figure 5 are defined by the matrix Hv(s,s*)

.
s,s €S
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The formula (3) gives limit distribution in the queuing network with so variable structure and with
A =4,=A in the formula (1). This network characterizes failures and renewals of servers in the initial

two node opened queuing network. Figures 1-5 show that even in this simple case a description of the
opened queuing network with failures and renewals of servers is sufficiently complicated. To consider
a redundancy of servers it is necessary to analyze significantly more complicated scheme. Next section
is devoted to an analysis of this scheme.

Opened queuing network with failures and renewals of servers.

Consider closed queuing network G, with a single working place, a single repair place and
m,, customers. The customers move along a route: a working part — a repair part and so on. The

working (repair) part consists of a queue before the working (repair) place and of the working (repair)
place. Each customer fails with an intensity ¢, at the working place and is repaired with an intensity

B, at the repair place. So a service time at the working (at the repair) place may be interpreted as a
working (repair) time of a customer and the closed queuing network G, may be considered as a system
of a redundancy (if m; >1) and a renewal.

Describe a current number of customers at the working part of the network G’k by ergodic

discrete Markov process 7, (f) with state set ¥, = {fi; 10 <7, <my }and transition intensities

7 (A, i, 1) = o, min (L7, ), 7, (74,7 +1) = B, min(Lm, -7 ), 7, €Y,

and limit distribution
7y, my, iy
nG)-c 2] -z (5]
Ok =0\ X
Remark 2. The transition intensities 7, describe a system of an unloaded redundancy and a renewal.

For a system of a loaded redundancy and a renewal [3] the process y,(t) has transition intensities

7 (Ao =V =i, 7 (A, +1) = B (my =iy ), 0< 7, <my,

and limit distribution
iy, my, iy
N i} 1 B 1
Pk(”k)zck(k P ,,CkIZZ et
Olk nk . nk:() Olk nk

Consider / networks G, , 1<k <1, working independently, and describe them
by Markov process j(¢) with state set ¥ = {ﬁ =(fijyefiy) 7y €V 1<k < I}

and transition intensities

P(8")= T 72 (o) )
and limit distribution
l
P(#)= 17 (i) (5)

Suppose that a server in k—th node of the network G may fail and be restored as a customer in the
closed network G, 1<k </. Then opened queuing network with a separate redundancy and a renewal
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of servers in each node may be described by discrete Markov process ( 7(t). y(t)) with state set ¥ xY
and transition intensities

A((ﬁ,n),(ﬁ*,n*)) =y ()1 (=" )+ 7 (i) 1 (n=n"). (6)
Here 77(ﬁ,ﬁ*) are defined by the formulas (4), and V() \ Mo n")- by the formulas (2) with

s(a)={k:fi >0,1<k<I}.

(7)
If the conditions (1) are true then the process ( 7(t). y(t)) is ergodic and analogously to (3) its limit
distribution has the form P(7)x(n), (fi,n)e¥xY .

Remark 3. The formulas (4), (5) describe independent and separate closed networks Gk,

1<k<I1, of a redundancy and a renewal of the network G servers. But these networks may be

aggregated into common closed queuing network G with | working nodes (places), fixed number of
repair nodes (places) and arbitrary indivisible route matrix.

Suppose that numbers of customers in all nodes (not only working) of so defined network G is

described by some ergodic Markov process }(t)with state set Y, transition intensities 77(ﬁ,ﬁ*)ana’

limit distribution P(ﬁ). Then Markov process (}(t),y(t)) with transition intensities defined by (6),
(7) has limit distribution P(ﬁ)ﬂ(n) (ﬁ,n) eYxY.

Supported by RFBR, project 06-01-00063-a and Far Eastern Branch of RAS, project 06-11I-A-01-
016.
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ON RELIABILITY OF RENEWAL SYSTEMS
WITH FAST REPAIR

Yakov Genis

Borough of Manhattan Community College
City University of New York, USA
vgenis@bmcc.cuny.edu

There are discussed the restorable systems with redundancy under condition of fast restoration. It is
shown when it is possible to evaluate the indices of their failure-free operation and maintainability with
the use of a method of monotonic trajectories. There are obtained the general estimations of reliability
indices of systems in steady-state operation and non-stationary regime of their use. An example of
using these general estimations for the reliability assessment of a concrete system is adduced.

1. Introduction

This article is a generalization of researches fulfilled by author in the area of reliability assessment of
asymptotic methods in the last twenty five years. The research results were mostly described in [1-5].

The first works on the asymptotic estimation of the indices of the reliability of the duplicated systems
belong to B. Gnedenko [6-7]. Then it appeared an entire series of the works of 1. Kovalenko [14-18]
and A. Solovyev [9-12], dedicated to the asymptotic analysis of the repairable systems of the
practically arbitrary structure. This direction proved to be completely fruitful and it led to the formation
of the independent branch of the theory of reliability. Subsequently interesting results in this direction
were obtained by V. Koroluk and A. Turbin [19-20].

In parallel with the development of the analytical methods of the investigating of the reliability of
renewal systems as long ago as in the 60's appeared the first works of I. Ushakov [21-22], on the
heuristic methods of calculation of the indices of the reliability of systems with the restoration. In this
approach constructively was used the A. Renyi limit theorem [24] on the rarefaction of a random flow.

Obtaining the two-sided being converging to each other of the estimations of the indices of reliability
made it possible to determine the error in the asymptotic estimations. The first works in this direction
were executed by A. Solovyev [11-12] for the distribution time to the first failure of system in steady-
state operation of its use. Refinement of these estimations is given by V. Kalashnikov and S.
Vsekhsvyatskiy [8], that with an accuracy to the second order of smallness coincided with results
previously obtained in [5] for the broader class of systems, allowing the steady-state condition of work.

The problem of evaluating the system reliability indices under the wide assumptions related to the
regime of maintenance and operation, the criteria of failure, the nature of functions performed by
system, the types of used redundancy, and the distribution time of the elements’ failure-free operation
were obtained in [1-5].

The idea of analysis of highly reliable systems consists in the following. The process of the functioning
of any repairable system can be reduced to the alternating random process, in which intervals, where all
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elements of system are operational (I0), alternate by intervals, when in the system are any failures of
elements, possibly not leading to the system failure. Last intervals in complete agreement with the
conventional terminology can be named the intervals of the malfunction (IM). It is understandable that
the failure of the system can arise only on IM. If the probability of the failure of the system on IM is
small it is possible to use asymptotic methods. Indeed, if on each cycle (a cycle consists from two
sequential intervals of operation IO and malfunction IM) the probability of the appearance of a system
failure to converge to zero (which leads to an increase in the number of cycles to the system failure and
between the system failures), the distribution of the number of cycles before the appearance of a cycle
with the system failure will be geometric, and the distribution of the sum of the geometric number of
random variables with an increase in the number of terms (with the corresponding normalization) will
approach exponential distribution.

Let us examine first the case, when IM on the average is much less than IO. In this case with a high
degree of accuracy the considered alternating process can be replaced with the simple restoration
process with the generating it distribution function (DF) by the corresponding DF of IO. In this case the
malfunction of system can with a certain small probability become the failure of system and with the
probability close to one to pass for system unnoticed. In other words, the typical picture of the
rarefaction of random process is observed. The application of this procedure of rarefaction to the
arbitrary flow of restoration with the tendency of the probability of rarefaction toward one according to
the theorem of Renyi [24] leads after the corresponding normalization to the Poisson flow. If the
probability of rarefaction is different for different cycles, then as was shown by Yu. Belyaev [23] the
result of Renyi [24] remains valid provided all probabilities of rarefaction are converged to zero
evenly.

If we now pass to the examination of the alternating process, in which the duration of IM cannot be
disregarded in comparison with the duration of IO, but the probability of the appearance of a system
failure on each IM is small, then it is possible to arrive at the estimations, which practically coincide
with those, that are obtained for the rarefied point flow.

Let us examine now basic and additional random processes in one probability space. In the basic
process, describing the behavior of the system, the appearance of the new IM is possibly only after the
end of the previous. In the additional process it is allowed the appearance of IM at any moment of time.
Each IM in the basic and additional processes can be failure or no failure IM. Since in the additional
process for the same amount of time appears not smaller number of IM than in the basic, then lower
limit time to the first system failure is the time before the first appearance in the additional process a
failure IM, and by upper limit is the time before the appearance in the additional process of the first
failure IM, not crossed with any no failure IM (number of which is not less, than in the basic process),
arisen before it, plus the part of the duration of this IM before the appearance on it an event — system
failure. With satisfaction of a certain condition for fast restoration both these estimations begin to give
increasingly smaller relative error, converging with each other.

Let us note now when the obtained asymptotic estimations of the indices of reliability can be used in
practice, and in what cases they give serious errors. Asymptotic estimations give a good approximation
in such cases when system is highly reliable in the sense, that the failure of system and any malfunction
of it are developed along the monotonic trajectory. By monotonic trajectory is understood a trajectory,
in which in the process of the appearance of the system failure does not occur the alternations of
failures and restorations of separate elements, that is the chain of failures first appears, and then
consecutively conclude only the restorations of elements. Practically this corresponds to a condition,
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when the product of the maximum mean recovery time of elements to the summary of elements failure
rate in the system is small.

Furthermore, these estimations are valid, when the examined intervals of the system failure-free time of
the reliable work of system are substantially larger then length of cycle “up state — down state”, and
they lead to the errors when used in the initial section of the work of highly reliable system.

In practice frequently the asymptotic results are used for the highly reliable systems generally, without
specifying, in what sense this high reliability is understood. Here one should note that in the highly
reliable systems with the high degree of redundancy IM may represent the sequence of the no
monotonically developing trajectories of the appearance of the malfunction of system. In this case the
use of asymptotic formulas of the above-indicated type can lead to the serious errors. And in this case
the flow of the moments of the appearance of the system failures forms the flow of the intersections of
“high level”, that is it will be approached by Poisson flow. But the parameter of this flow should be
calculated by another method, and not with the use of a method of the monotonic trajectories.

Let us note that the asymptotic method is constructive and gives extremely good results for the majority
of practical situations. It was successfully used for the reliability design of complex computing systems
in nuclear and thermal power engineering, chemistry, petroleum chemistry, metallurgy and in other
branches.

2. Statement of the problem

There is examined a restorable system, containing »n elements and & repair units (RU). Each element of
system can be only in the operational or the failed state. Each operational element can be located in the
loaded or the unloaded regime (the lightened or the reduced regime for the brevity is omitted). Let
Fi(x) and f;(x) denote the DF and the distribution density (DD) of the time of failure-free operation

of i-th element in the system, i = I,_n , and m; is the the mean value of this time, m; < .

The following types of systems with the arbitrary DF of the elements’ restoration time are examined:

1) systems with exponential DF of time to failure for each unit where the system steady-state
operation region exists;

2) systems, working in the nonstationary regime with the variable operating conditions, the
time of the failure-free operation of elements of which are described by nonstationary
Poisson process, and the distribution of the element time restoration can depend from the
moment of its failure;

3) systems, all elements of which have limited DD of the time of failure-free operation; it is

required also, that this DD in zero would be different from zero, fi(0) =c; # 0,i € Ln.

Within the framework of this article it is assumed, that with probability 1 the failure of any element
in the system is instantly revealed and the switching to the reserve element (in the systems with
the standby redundancy) is produced without a delay. Failed elements are restoring.

The permissible class of the restoration disciplines D is assigned by the following regime of
restoration. For each element there is at least one RU, capable to restore it. After restoration the
element behaves as a new one. The restoration of element begins immediately, if there is a free RU,
capable to restore it. The summary recovery rate of any RU in the interval of the works of this RU
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is equal to 1 (recovery rate of RU corresponds to time scale, with which this RU produces the
restoration) Kozlov, Solovyev [13]. Different interruptions of restoration are permitted, but DF of
summary recovery time of i-th element that is restored by j-th RU is equal to Gj(x) independently
of the number and the duration of the interruptions [3].

Let / is the number of failed elements in the system at the moment z. Then class D includs, in

particular, disciplines:

e d, — discipline FIFO with the straight order of maintenance, with which at the moment z are
restoring min (k, ) elements, failed the first;

e d, - discipline LIFO with the reverse order of maintenance, with which at the moment z are
restoring min (k, [) elements, failed the last;

e d; — discipline in time sharing, with which “simultaneously” are restoring all failed elements with
the identical speed, the recovery rate of one element at the moment z is equal one, if / <k, and
equal k /1, ifl > k;

e d, — discipline, with which at the moment z are restoring min (k, /) elements with the shortest
residual recovery time.

There are no limitations to the structure of the system. It is assigned the criterion of the system
failure, which can include and the condition of the time redundancy. The state of the elements of
the system at the moment z let us assign by the vector v(z)={v,(2),...,v,(z)}, where each

component can take the values of {0, 1,..., n}. In this case to failed elements is placed in the
correspondence number 0, operational - number from 1 to n. These numbers make it possible to
unambiguously assign the order of the replacement of any failed element. Introduced designation

17(2) may be used for the estimations of the reliability of concrete systems for describing the set of
their states, as this is done in the last section of the article.

Let us designate through E the set of the states of system and let us present it in the form
{v(2)}=E=E, UE , where E, is the area of the operational, and £ 1is the area of the defective
states of system. System is considered as the defective at the moment z, if V(z) € E_ and failed if its
malfunction lasts time, not smaller than 7, P{nn < x} = H(x). In the absence of the time redundancy
(n7=0) the area of the defective states of system is converted into the area of the system failures. All
elements of the system were new at the initial moment of time.

Let b is a certain state vector of elements of the system directly before IM, and b” is a state vector of
the elements of system on the same IM immediately after the moment of passing the state vector of

system from the area E, into area E . Let us name the path 7, leading from the be E. in the state
b" e E_ on IM, the sequence of state vectors of elements, beginning from the vector 5, directly

preceding the beginning of IM and ending with the vector ", corresponding to the first onset of
malfunction of system on this IM; moreover the passage of one state vector into the following occurs
only due to that, that exactly one element of the system fails or ends to be restored.

The path length is equal to the number of state vectors, being contained on this path, not including the
initial vectorb . Let us name the path monotonic, if on it there are no restorations of elements. Let us
name monotonic path minimum for b, ifits path / (5 ) is equal to the minimum of path lengths, leading

-34 -



study

Reliability: Theory & Applications No.3, September 2006

from b into E . Then the minimum number of elements, failure of which can cause the malfunction of

system, equals s =min I(l;) onbe E ,b>0,i= I,_n There b, is the i-th coordinate of the vector b ,
which describes the state of i-th element.

It is counted, that the system works under conditions of fast restoration (FR). Practically it means that
the mean recovery time of element is substantially lower than the mean time between any two failures
of elements in the system [1].

The task is to estimate the indices of failure-free operation and maintainability of a system under the
conditions of FR.

3. Asymptotic approximation. General model of the system

As shown higher behavior of system is described by the alternating random process, in which alternate
IO and IM. System may fail on a certain IM more than one time. The behavior of this system was
analyzed in [1].

Let us name a x- failure of system such a failure of system, with which the system is in the failure state
not less than the time x. The concept of x- failure will be used for the estimation of the indices of the
maintainability of system. Let us say that the system failed (x- failed) on IM along the monotonic way,
if from the beginning of IM and to the moment of the failure (x- failure) of system on this IM it had
time to end the restoration not of one element.

We will examine highly reliable systems. Results of [1] show, that in this case for the systems of the 1*
and 3¢ type the distribution of the time to the first system failure converges to an exponential function,

and for system of 2™ type it converges to exp{- on P(u)du }, if the product of the maximum rate of the

appearance of intervals of malfunction 1 to the maximum average duration of the interval of
malfunction 7 and the probability of the failure of system ¢ on IM approach to zero. If in this case and
the probability g * of appearance of more than one failure of system on IM approaches to zero, the DF
of time between any two consecutive system failures of the 1** and 3¢ type converges to exponential
function, and the failure rate of 2" type systems converges to Poisson flow with the variable

parameter. Criterion of FR determined below provides conditions, with which AT = 0, qg > Oug*
- 0.

4. Refined system model and FR criterion

Let G(x) = min Gj(x), G+(x) = max Gj(x), where minimum and maximum are taken according to the

numbers j of RU, accessible to i - th element, and on i = Ln (here G(x) and G+(x) are DF of the
correspondingly greatest and shortest recovery time of elements); s is the minimum number of
elements, failure of which can cause the malfunction of system; I'()=1- I'() for every DF T"();

my) = onw 7 G(x)dx,, my =m\, m . (1) = J:O J:CE «(x + u) dx dH(u);

£ and A are the maximum and minimum failure rates of elements in the operational system.
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Let us say, that in the system is satisfied the condition of FR, if 4 > 0 and

a=[1°m /(m)"]—>0 (4.1)

and for all DF F;(x), i= 1,n, there are limited DD.

This condition ensures, that AT - 0,g —> 0and g* — 0, and thus it ensures, that DF of the time to
the first failure and the time between two adjacent failures of system converges to the exponential
function [2].

During the fast restoration almost always the failure of system occurs along the monotonic ways (see
section 2), if only the probability of this failure is different from zero. This indicates that the ratio of the
probability of the system failure along the no monotonic trajectories to the probability of the failure of
system is approached zero.

The following condition unites the condition for the fast restoration (4.1) and the sufficient condition of
that, that the probability of the failure of system in the monotonic path is different from zero:

o, =[A mS 1 A" [mg (71— 0, 250 4.2)

Condition
@,=Km, >0 (4.3)

ensures the convergence of DF of time to the first system failure of the 1% and 3¢ type to the

exponential, and the 2™ type to exp{-J‘O)C L(u)du }, that is shown in [5].

In the practically important cases m';’ < C (m,)’, where C is a certain constant. In these cases with
small s (s =2 + 4), close to each other G(x) u G+«(x), which is reached due to the unification of the
procedure of restoration, and the low time reserve (m , =~ m (7)) condition (4.2) can be replaced with
condition (4.1) or condition (4.3).

5. Estimation of the indices of reliability for the general model of the system

Let 7,(¢) is the interval from the moment ¢ to the first failure of the system after moment ¢ with the
condition 4,, where with the examination of 7,(¢#) the event 4 = {(all elements of system are
operational at the moment #) "D, }, and with the examination of 7,(¢),i > 2, the event 4, = {(in the
interval (¢, ¢+ df) occurred (j - 1) - th system failure) ND, }, where D, = {the state of the elements of

system at the moment 7 and used up to the moment 7 the recovery times of the elements}. Let B(¢, z) =
{4, n (in the interval (¢, z) system did not fail (without taking into account the (i -1) - th failure),

t <z }. It is assumed, that in # = 0 all elements of system are new and the system is set in operation.
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Let IM z indicates IM that begins in the interval (z, z + dz); index (z) in the designation «* indicates,
that the value u relates to the IM z.

Let us examine the systems of the 1% and 2™ type. Let A(z) is the failure rate of elements in the system
with z e 10, ¢ is the probability of the failure of system on IM z, 1 =supA(z) and g =supg(z) on
z>t, B(z)=A(z)q" is the rate of the appearance of failure IM, 7, is the average duration of non
failure IM, 7, is the average duration from the beginning of IM to the moment of the first failure of
system on this IM, 7, is the average duration from the moment of the first failure on the IM to the end
ofthisIM, T=T7,+7,+1T;.

Then using an approach, described in section 1, we will obtain

Theorem 5.1. For the models of systems in question there are valid the estimations
exp{—J‘:H B(u)du} < Piz,(£) > x} < expi— j puw)e duy + AT, (5.1)

and for i > 2

(1- g, )exp{~ j P(u)du}y < Pir,(t)> x} < expi— j Pw)e idu} + AT, + AT,. (5.2)

The lower estimations of theorem 5.1 are sufficiently precise and intelligible. However, the upper
estimations in certain cases can be refined. In [4-5] there is shown that it is carried out

Theorem 5.2. With Ag — 0 together with the estimations of theorem 5.1 the following upper
estimations are valid

P{r,(t) = x} < exp{—J‘:H Bwe duy(1+ AT,), (5.3)
and for i > 2
P{r.(t)=2x} < exp{—J‘:H ,B(u)e_”‘du}(l +AT,)(1+ AL). (5.4)

It is also shown in [4-5] that mower estimations (5.1) and (5.2) and upper estimations (5.3) and (5.4) are
asymptotically not improved.

Corollary 5.1. With AT — 0
Piz,(1) 2 x} ~ expi-[ " B(u)du}. (5.5)

If in this case and ¢g. — 0, that for i >2
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Piz.(£) = x} ~ expi— j B(u) du (5.6)

In [4] is proven the validity of the following lemmas:
Lemma 5.1. With s >2 from [£m® /(m ) '] >0 it follows that g— 0.

Lemma 5.2. From A m, — 0 it follows that A7, >0 and A7, —» 0, and from [;18 m$ /)
— 0 additionally it follows that AT, — 0.

Lemma 5.3. From [A°mY /(m,)* '] =0 it follows that ¢, — 0.

Thus it is proven
Theorem 5.3. For the system of the 1% and the 2™ type with A m « — 0 fori=1 and with [A°m ©
(m,p) "1 =0 fori>1

Pir(t)zx} xexpl=[ " flwdu} (5.7)
where [f(u) is the rate of the appearance of the failure IM in the system at the moment u .

Let us examine systems of the 3¢ type. As a rule, the parameters, that describe the behavior of systems
of the 3¢ type are determined with the condition B(z.z). For the simplification of record instead of B(%,z)
we will write ¢, understanding that instead of ¢ in this place must be B(%,z).

Under the conditions of fast restoration the summary failure rate of the elements is limited from the top

and is not equal to zero (/Ai <o u A>0). Relying on the general results of Renyi [25] and Yu. Belyaev

[24], it is possible to make a heuristic assumption, that estimation, analogous (5.7) are accurate for the
systems of the 3¢ type.

Under the conditions for the fast restoration of those given in theorem 5.3 for the systems of the 3 type
with i >1

P{r.(t)> x} ~ exp{— j B | )dul, (5.8)

where the value f(u|t)= f(u|B(t,u)) is determined with the condition B(¢,u) and it depends not

only from u but also from ¢. Validity of (5.8) for the systems with the uniform elements and the loaded
reserve is shown by A. Solovyev [10].

Let p,(z|?)= p;(z]| B(t,z)) is the probability of that, that v(z) = b= (by,...,b,) with condition B(t,z)
and ze IO, A(z |I;,t) = A(z |l;,B(t, z)) is the summary failure rate of elements in the system at the

moment z with the condition, that #(z) = b, B(t,z) and  z e 10, ¢ = g™** is the probability of

the system failure on IM z with the condition B(z,z) and v(Z) = b.If ze 10, then according to the
formula of the total probability
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_ . (zb.1)
Bl =_ 2 . p(z10A(z|b,0g™"", (5.9)

Through f(z|t) are expressed not only the indices of failure-free operation, but also the indices of
maintainability and the readiness factor of system (see sections 6 - 9). Below will be given
recommendations regarding the estimation of £(z|¢) and A(z |I; ,t) for examined systems. However,
estimation of p.(z|¢) must be carried out for each concrete structure of system individually (see

section 9).

Let ¢ = P80 g the probability of the system failure on IM z only on the minimum paths for
¥(z)=b of length / = () with the condition B(¢,z) and ¥(z)=b .

For systems of the 1% type by A. Solovyev [13] and for the systems of the 2™ type by author [5] it is

(zb.0)

shown, that with d =d, € D and fast restoration in the estimation ¢ it is possible to take into

account only the minimum paths.

Let 7,(¢) is the recovery time of system after the i - th system failure with the condition, that the 7 - th
failure of system occurred on IM ¢.

Let us examine the general model of system of the 1% and the 2™ type, for which A(f)d¢ is the
probability of appearance of IM #; ¢ and ¢ are the probabilities of failure and x-failure of system

onIM t; ¢\ and ¢") are the probabilities of failure and x-failure of system on IM ¢ taking into account

only minimum paths; B, (t)=A(t)q'), By () =B, 1) |._,=A(t)q\) are the rates of x-failure and

failure of system on IM ¢ taking into account only the minimum paths of failure.

With the work of system under the conditions of fast restoration the probability of the failure of system
converges to the probability of the failure of system along the minimum monotonic paths [2], that is
next estimations are carried out:

B@) =~ B, () (5.10)
and

B.() = B, (1) (5.11)

According to [1] it is true
Theorem 5.4. If ¢, = [/Ail m$ /A [mp.(n]'™'1— 0, than evenly on i >1

P (1) 2 5} = By (0] B, (0). (5.12)

Let 7" is the mean recovery time of the system with the condition that it failed on IM .
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Corollary 5.2. With ¢, -0

T % [ By (Ox/ By (1), (5.13)

6. Estimation of the indices of reliability for systems of the first and the third type, working in
the steady-state operation

Only under the conditions when system works in steadyO-state operation (this regime excludes systems
of the 2™ type) there are obtained simple engineering formulas for evaluating the reliability of a
system.

In steady-state operation mode ¢*" =¢®, qf\jlg”) = q}é’) , Az|b,f)=A(b) and pB(z|t)=/. Let us
estimate [.

Let from v(z)=b € E_, z €l0, there are possible the minimum paths / = I(Z; ), leading into the certain
state b’ € E_. States b’ are characterized by the set / of number of failed elements belonging to the
set J=J,UJ_,where J, and J_ are accordingly the sets of the numbers of those elements, which in
the state b were located in the loaded and unloaded regime. Let the set of minimum paths leading from

b into l;j is T1’. Let path 7 € I/ and the order of the failures of elements on this path is {i,...,i,} . If

i, € J_, then on the minimum path 7 i, -th element was switched on in the loaded regime after the

failure of by ™ th element, m(k)<k, ke 2_,1 Let 0=x, <...<x, are the moments of the failures of
elements on the path 7, counted from the beginning of IM. Let A(d,k,7,u) is the probability that on
IM to the moment (x, +u) will not end not one restoration with the condition that the system failure

occurred on this IM along the path 7 € IT/ with discipline d € D and k& RU.
Let
AN =TTe IV m; . (6.1)
keJ_ ied,_

Then the following statements are true.

Theorem 6.1. In the steady-state operation of the system with the FR condition (4.2)

Ab)gl = > A ZT j j A(d, ke, 70,u)dx,...dx,dH (1) . (6.2)

bleE.  relll 0 0<xy<.<x,

Theorem 6.2. With the FR condition (4.2)

" ~ g\ (6.3)
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Let us note, that theorem 6.2, proven for the steady-state operation of the system, has more general
nature and can be disseminated also to the non-stationary regime of system work.

Let us refine (6.2) for restoration disciplines, introduced above in section 2. Let all RU are of the same
type, each of them can restore any failed element and G, (x) = G,(x). Let the order of the failures of

elements on the minimum path 7 is {7, ,...,i;} . Then [1] it is true

Corollary 6.1. If G;(x) =G, (x), i = 1,n, then with the fast restoration condition (4.2)
1) with discipline d, and k </

YRR WY WM e

b/eE_ mell! 0 0<y;<..<¥;

*Gi (3, +w)Gi (9, +1)...Gi (v, +u)dy,...dy,dH (1), (6.4)
and with £ >

Ab)g" ~ ZA’ZH | GG, (3, +u)..

b/eE_ 7ell! 0 0<y <.<y;
Gy (v +u)dy,...dy, dH (u) ; (6.5)
2) with discipline d, and k </

ZOTEEDIDY [ [ GG —)..

ek mell 0 0<x,<..<x,

study

...a—,,k (x, —x,, )5,-,,“1 (x,—x,_,,, +u)*
*Gi, (x, — X, +1) Gy, (u)dx,...dx,dH (i), (6.6)
and with £ >/ the estimation (6.5) is accurate;

3) with discipline d, and k </

[ l'A’
= 3 A

b'eE.

ku ku
SR N
7ell’ 0 0<y <<y
— ku
*G, (y,l + 7) dy,..dy, dH(u), (6.7)
and with £ >/ the estimation (6.5) is carried out;
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4) with discipline d, and k >1 the estimation (6.5) is carried out.

In the steady-state operation section of work with the restoration discipline d € D and k RU

B&)=B(d.k), B (1) =By (d,k), Bo(t)=Bo(d.k), 7,()=7(d.k), T(d.k)=Mz (d.k).

Let K,(d,k) 1is the availability function of system in steady-state operation. Since
(1/ B,,(d,k)—T,(d,k)) is the estimation of the mean failure-free operating time of the system in
steady-state operation, then it takes place [2]

Corollary 6.2. In the steady-state operation with ¢, — 0 and restoration discipline d € D for first and
third type systems the estimations are carried out:

Bd.k)= B, (d,k), (6.8)
P (d,k) 2 x} = B, (d, k) By, (d, ), (6.9)
To(d, k) ~ [ " B (d.Jo)dx ] B, (d k), (6.10)
Ka(d, B = 1= [ B (d,K)dx | B, (d, ). (6.11)

Theorem 6.1 and estimation (6.8) make following sense. The failure rate of system with fast restoration
can be determined only taking into account the minimum paths of failure. In this case by duration of
IM in comparison with the time of the failure-free operation of elements is possible to disregard.
Therefore during estimation of the failure rate of the system DD of the time of failure-free operation in
zero for the elements, which on IO were located in the unloaded regime, is taken equal to ¢, = £,(0),
and elements, located in the steady-state section in the loaded regime, is taken equal to their density in
zero 1/m,.

Let us discuss the accuracy of estimations (6.9) - (6.11). The replacement in them of the probability of
the system failure to the probability of the system failure only along the monotonic paths leads to the
errors, which for the denominator and the numerator have the same sign. Therefore estimations of DF

of 7'(d,k) and T,(d,k) may be sufficiently precise. Actually, for a number of systems with the loaded

and unloaded reserve with not limited (k>n) and completely limited (k = 1) restoration the
approximate estimate 7,(d,k), obtained according to formula (6.10), coincide with the precise

estimations 7,(d,k) (in such cases when the precise estimations of 7,(d,k) can be determined).

Corollary 6.3. For the systems in question with s> 2 and [/Al m}, /(my)* ™' ]— 0 or s=1, /AlmR — 0 and
qg—0

P{r.(t) 2 x} =exp{-p,x},i 21, (6.12)
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only in steady-state operation. However, in the non-stationary section of the work of system error from
the replacement of DF 7,(¢) to the exponential may be essential.

Only in the systems with exponential DF of the time of the failure-free operation of elements, in which
or elements are uniform or there is provided only loaded reserve, the non-stationary regime of the work
of system is absent. For such systems the use of (6.8) is justifiable in any section of the work of system,
if in the initial state all elements of system were operational.

But already the presence of the unloaded reserve with the different-type elements in the systems with
the exponential time of the failure-free operation of elements leads to the appearance of a non-
stationary section of work. Systems of the second type always lack the steady-state operation. For all
such systems the application of estimations (6.8) in the non-stationary section (for example, in the
initial section of the work of system) is incorrect.

7. Estimation of the indices of reliability for systems second type

In the engineering practice such tasks of evaluating the reliability of systems sometimes appear, for
which the reliability of elements, the regime of maintenance, the condition of environment,
requirements on the reliability and other parameters of system are changed in the time in a no random
or random way.

Let us examine the following sufficiently common model of system of second type. Model consists of
n of elements, which are included in the system according to the assigned timetable. Each element can
be only in operational or failed state. Operational element depending on the states of system is included
in the loaded or unloaded regime (simplicity for we do not examine the reduced regime). DF of the
time of failure-free operation of i-th element, included in moment t into the loaded regime is equal to

F(xt)=expi=[ " 2 (u)du}.

He failed element is sent into the maintenance crew, being of k£ RU, where it is restored in accordance
with discipline d € D. Restoration is complete. After restoration element, that is included in the
system, is returned to the system.

If the number of elements in the system, their type, the number of repair units, the distribution
functions, the criteria of the failure of system and so on are changed sufficiently slowly and during the

time of one IM these parameters can be considered as constants, then this model is included in the
model, described in the sections 2 — 5. Therefore [1] it is accurate

Theorem 7.1. For systems of the second type with restoration discipline d € D, Am, >0 for i=1

and with [Am [(m, )" ]— 0 for i>1
Piz,(t,d) = x} =~ expi] Blu,d)du} (7.1)
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Let we examine systems of second type under the conditions of fast restoration with d € D, and A(?)
is the summary failure rate of the elements of system at the moment t (or the intensity of appearance
IM), ¢ (d), q\)(d) and ¢'" (d) are correspondingly the probability of the system failure, failure and
x- failure taking into account only the minimum paths of the system failure on IM, that begun in the

interval (¢, ¢ + dt). Then it is carried out

Corollary 7.1. For systems of the second type with [ﬁA, m | A [mp (7] 1= 0

P{t'(t,d) = x} ~ q%5(d)/ 47 (), (7.2)

X.

and
T(d) = “q (d)dx/q\)(d). (7.3)
R o Lt qu

8. Estimation of the reliability indices of the complex systems

Let the system consists of N subsystems connected in series in the sense of reliability.
A system malfunction occurs when at least one of the subsystems malfunctions. The failure of system
occurs when its malfunction lasts for a time not shorter than 7, P{n < x}=H(x).

Let us name the scheme p out of m a system, containing m of elements, malfunction of which begins
when the number of failed elements in it is not less than p, p <m, and its failure begins when the

malfunction of scheme lasts for a time not shorter than 7, P{n < x} = H(x) .

Let in the i-th subsystem it is possible to separate M, p out of m schemes that are connected in series in

the reliability sense and the j-th of them is the scheme p” out of m” (ij-th scheme). Some elements of
subsystem can participate in the operation of more than one scheme p out of m. The malfunction of i-th
subsystem occurs when at least one of these M, schemes malfunctions.

Let BY(d, m), B/ (d, m), Bl (d,m), B’ (d,m), z,(d, m) and T} (d, m) denote values described above,
but relating to ij-th scheme, and f(d,m) (S.(d,m)) is the failure (x- failures) rate of complex system
in the steady-state mode of its operation. Let the summation with respect to “jj” indicates summation

with respectto j=1,M, and i=1, N .

Then [1] there is carried out
Theorem 8.1. For the considered complex systems in steady-state mode of their operation with the FR
condition (4.2)

pld.m) =Y. p(d, m)

~Z By (d,m), 8.1
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B(d,m)~ 3. Bl (d m)

~2 By (d,m). (8.2)

Theorem 8.1 allows one, under conditions of fast restoration, to evaluate the failure (x- failures) rate of
system as the sum of the failure (x- failures) rates of its series-connected in the sense of the reliability
the ij-th schemes of form p out of m, calculated under the assumption, that these schemes operate

autonomously. In this case the failure rate (x- failures) of the schemes p’ out of m’ can be

determined only taking into account the minimum ways p” (see (8.1) and (8.2)).

Let o= f (d, k)| B(d, k) is the probability of that, that the failure of the system is caused by the
failure of the ij-th scheme. Then it is carried out

Corollary 8.1. Under the FR conditions (4.2) for the complex system operating in the steady-state mode
P{t'(dm)>x}~3% a;P{ z';.(d, m) > x}, (8.3)
i
T(d, m)= X a; T’'(d, m)
i

=3 (" pl(d mydx/ B, m), (8.4)

Ki(d, m) =1-% Bd, m) T} (d, m)
i

~1-3 [° pl(d m)adx. (8.5)
i 0

Corollary 8.1 makes it possible under the conditions of fast restoration to estimate the indices of
maintainability and the availability function of complex system as the weighted sum of the

corresponding indices of the reliability of the jj-th schemes p’ out of m’ calculated under the
assumption of their autonomous operation.

9. Example. System with the unloaded reserve

It is examined a system with the unloaded standby reserve and with elements of different types that
consists of a single basic element and (n —1) standby elements with one RU [3]. The G,(x) is the DF

of the recovery time of i-th element, i € 1,n . The restoration discipline is FIFO d, € D . With the failure

of the basic element its place occupies the reserve element with the smallest number from the elements,
stayed in the reserve the greatest time. At =0, the first element became the basic.

The malfunction of system begins when the basic element fails and there is no standby element capable
to replace it (that is all of n elements failed). The system failure occurs when its malfunction lasts for a

time not shorter than 7, P{n < x} = H(x). Let mY{ ()= I: IOOO x'd G, (x+u)dH (u).
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For this system the state of the elements of the system v(z) under the condition B(z,z) and z €lO is

uniquely determined by the index i of the basic element at the instant z. Under the fast restoration in the
steady-state operating conditions of the system

pzly=m/ 3 m;.

jeln

Azlity=1/m,
¢ =TT epmii(n/in=1!

J#i,j=Ln

So we obtained theorem 9.1.
Theorem 9.1. For the system # out of #n with the unloaded standby reserve and the elements of different
types, with a single repair unit and restoration discipline d =d, under fast restoration in steady-state

operating conditions

Pir, zx}~exp{-fx},j 21,
where

B [Tema =D m].

i=ln j#i I1=1,n

In conclusion the author expresses the deepest gratitude to Prof. V. Rykov for the appeared interest and
his notes.
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COUNTER-TERRORISM: PROTECTION
RESOURCES ALLOCATION.
PART Il. BRANCHING SYSTEM

Igor Ushakov
Sun Diego, USA

Part II. Branching System

Abstract

A concept of optimal resources allocation to protect countrie’s objects against terrorists attack
is presented. Under assumption of uncertainty of terrorists’ intentions, minmax criterion is
suggested. The Goal functions for cost-effectiveness analysis of country terrorism
measurements are given. This work is a from of [Ushakov, 2006]

I. INTRODUCTION

Protecting the country against terrorists’ attacks cannot be solved without cost-effectiveness analysis
because of the natural limitations on possible defending resources. The main problem for mathematical
modeling of the phenomenon is its huge dimension.

Fortunately, the nature of the problem allows us to loosing the understanding of the problem loss of the
sense of the problem. The system of the country defending objects can be presented as a system with a
special type of a branching structure with additive type of global objective function. The proposed
approach is based on [Ushakov, 2005; Gnedenko & Ushakov, 1995; Ushakov, 1994).

The proposed approach assumes that input data is delivered by counter-terrorism experts.

II. DESCRIPTION OF LEVELS OF SAFETY PROTECTION

As it was emphasized in Part [ (Minmax Criterion) the counter-terrorism measures can be divided into
three relatively independent levels in such a way that each level presents a kind of a sieve: the lower
level is, the higher its “recognition” will be.

A R
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After such sifting, chances to penetrate the 3-level counter-terrorism protection should be extremely
small.

Lioacens o SR Srinstee i udionm T Bana

i

Thus an adequate mathematical structure of such process is the so-called “branching structure”
[Gnedenko & Ushakov, 1995]. The upper layer is presented by Federal counter-terrorism protection,
the middle layer by State level protection, and the lower layer by defended objectes.

study

(L1122 Q,N) - .. ... (ND (N2) (NN

II1. DEFINITION AND NOTATIONS

The notations given in Part I of the paper are repeated for the reader’s convenience:

Fi(p)) — subjective probability that an object within the country will be protected against
terrorists’ attack of type i under condition that on Federal level one spends ¢ ;
resources. (Notice that this type of protection may not be applicable to all objects.
For instance, the increasing control of purchasing chemical materials for WMD
design has no relations to possible hijacking.);

P (o ®) — subjective probability that an object within State k& will be protected against
terrorists” attack of type i under condition that on this State level one spends o
resources;

(k,)) — notation for object j within State k

L&D (4 9y — subjective probability that particular object ( j, k) will be protected against

terrorists” attack of type i under condition that one spends A **/ resources;
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k) — “weight” (or “measure of priority”) of object (j, k);

Gy, — set of possible types of terrorists’ attacks against objects (k7).
N —number of defended objects within State £;

N — number of states.

IV. MODEL OF BRANCHING STRUCTURE

As shown in [Gredenko & Ushakov, 1995], if for each object of lower layer is chosen an individual
index of its effectiveness (or on the contrary, its loss), then the total effectiveness might be considered
as a sum of individual indices. It follows from the following simple theorem from the Probability
Theory: Mathematical expectation of the sum of random variables equals to the sum of the
mathematical expectations of random variables irrespective of dependence of the variables.

Indeed, introduce the so-called indicator function of the type:

[ 1, if the attack on object (k, /) has occurred,
Sk =
LO, otherwise.

Then random loss for object (£, j) is equal to Jj W% and total random loss of all objects is
N ny
(k. )
Z S )W
k=1 j=1

Mathematical expectation of this sum of random variables is defined as

W o {F;, Vi S© 1<k <Ny LED 1< <y }=

N Nk *.5 N Nk 1) N Nk .5 1) N Nk D)
5] — 5J) _ 5] 5J) — 5]
E 225<k,j>W _ZZE{5(k,f>}W —22(1 P )W w
k=1 j=1 k=1 j=1 k=1 j=1 k=1 j=1

(1)

where P& = 1— (1- F(k’j)) (1= S(k’j)) -(1- L(k’j)), and in turn, these values are defined as
F*) =min { Fi,ie Gyj}; §*7) = min {Si,ie Gy} L% = min {L;}.
In other words, formula (1) gives the total expected loss with taking into respect their “weights”.

At the same time, it is easy to calculate the total expenses, Crotal , On all protection measures on all three
layers:

Croal {0, Vis 6/, 1Sk <N; A0, 1< <m b= g, + Ziaf“ + Ziiﬂgk’ﬂ
Vi

Vi k=1 Vi k=l i=l

2)
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Having objective functions (1) and (2), one can formulate the following optimization problems:

Direct Problem:

Optimally allocate total available resources that guarantee the minimum possible loss of
defended objects against terrorists’ attacks, i.e.

min { WrTotal | CTotal }

Inverse Problem:
Optimally allocate resources that guarantee the acceptable expected loss of defended objects

against terrorists’ attacks with minimum possible expenses, i.e.

min { CTotal | WrTotal }

Solution of these problems with the use of the steepest descent method is demonstrated on a simple
illustrative numerical example.

V. EXAMPLE: EMBASSY PROTECTION

There are three embassies within a geographical zone. Embassies are assumed of different indices if
priority (“weights”) and located in the countries with different attitude to the embassies. The problem is
to protect these Embassies from terrorists’ attacks. Assume that there are available resources for
embassy protection within given zone (financial, military, logistics, etc.). How should they be allocated
in the most reasonable way?

LEGEND:

- Very hostile country
- Hostile country

Neutral country

Let the following data be given by counter-terrorism experts. Assume that we consider only 3
Embassies. The characteristics of these Embassies are as follows:
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Embassy-1:

“Weight” of importance = 10; level of protection with no special measures P,'” =0.5.
Safety 0.9 0.95 0.97 0.99
Expenses 2 4 7 12
Embassy-2:

“Weight” of importance = 3; level of protection with no special measures P,”=0.8.
Safety 0.9 0.95 0.97 0.99
Expenses 1 2 4 8
Embassy-3:

“Weight” of importance = 7; level of protection with no special measures P;” =0.9.
Safety 0.9 0.95 0.97 0.99
Expenses 0.5 1 2 5

The “weight” of importance might depend, for instance, on the size of the Embassy (number of
employees) or its political significance.

Solution:

Calculate “discrete gradients” (relative increments) for each Embassy & by using the formula:

Pk(S) _ Pk(s—l)
k C/is) _ C/5371) ?
where W, = “weight” of importance of the Embassy £,

(s) _
Vi =

P =level of protection at Step s of the process of defense improving,

C* = expenses related to the level of protection at Step s of the process of
defense improving.

Let us construct the following table that will be used (in a very simple way!) for getting an optimal
allocation of money for defense all 3 Embassies.

No. Value of “gradient” step-by-step

Embassy-1 Embassy-2 Embassy-3

1 10_0.9;0.5:2 3.0.9—0.8:0'3 7.0.95—0.9:0'35

2 10_0.95—0.9:0.25 3_0.95—0.9:0.15 7.0.97—0.95:0.14
4-2 2-1 2-1

3 10. 0.97-0.95 0067 | 3. 0.97-0.95 0.03 7. 0.92—(3).97 007

— _ *

4 10. 0.99-0.97 0004 | 3. 0.99-0.97 —0.0015

12-7 8-4
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Now the number of all cells in the Table by their decreasing:

No. Value of “gradient” step-by-step
Embassy-1 Embassy-2 Embassy-3
1 1 3 2
2 4 5 6
3 8 9 7
4 10 11 *

These numbers give the order of introduction to the corresponding protective measures. So, the final

results are given below:

Initial expected loss is equal to

w®=W-(1 =P, + Wy (1 -P1?) + W3-(1 —=P,?) =-10-0.5 + 3-0.2 + 7-0.1 = 3.8.

(1) After the 1% step the total expected loss is equal to
Wi = Wi-(1 =P D) + Wo-(1 =P, ©) + W5-(1 =P,?) =10-0.1 +3-0.2 + 7-0.1 = 1.8
and the spent resources are equal to

cV=2

(2) After the 2" step the total expected loss is equal to
WP rotar = Wi-(1 =P/ D) + Wy (1 =P, D) + W3-(1 =P1?) =10-0.1 +3-0.1 + 7-0.1 = 1.5
and the spent resources are equal to

CD=2+1-3

(3) After the 3" step the total expected loss is equal to
Wt = Wi-(1 =P D) + Wy (1 =P, D) + W3-(1 =P;") =10-0.1 + 3-0.1 + 7-0.05 = 1.15
and the spent resources are equal to

CP=2+1+1=4.

(4) After the 4™ step the total expected loss is equal to
W 1o = Wi-(1 =P1?) + Wo-(1 =P, D) + W3-(1 =P,Y) =-10-0.05 + 3-0.1 + 7-0.05=0.9
and the spent resources are equal to

CY=2+1+1+2 =6.

(5) After the 5™ step the total expected loss is equal to
Wt = Wi-(1 =P?) + Wy (1 —P,@) + W3-(1 —=P;") =10-0.05 + 3-0.05 + 7-0.05 = 0.75
and the spent resources are equal to
CO=2+1+1+42+1=7.

(6) After the 6™ step the total expected loss is equal to
W o = Wi-(1 =P1?) + Wo-(1 =P,@) + W3-(1 =P,?) =10-0.05 + 3:0.05 + 7-0.03 = 0.61
and the spent resources are equal to
CO=2+1+1+2+1+1=8.

(7) After the 7™ step the total expected loss is equal to
W 1o = Wi-(1 =P1?) + Wa-(1 =P,?) + W3-(1 —=P;?) =:10-0.05 + 3-0.05 + 7-0.01 = 0.47
and the spent resources are equal to
CP=2+1+1+2+1+1+2=10.

(8) After the 8" step the total expected loss is equal to
W o = Wi-(1 =P1P) + W (1 =P,?) + W-(1 =P,®) =-10-0.03 + 3-0.05 + 7-0.01 = 0.37
and the spent resources are equal to
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C¥=2+1+1+2+1+1+2+3=13.
(9) After the 9™ step the total expected loss is equal to
W toa = Wi-(1 =P1®) + Wo-(1 =P,®) + W3-(1 =P,¥) =10-0.03 + 3:0.03 + 7-0.01 = 0.31
and the spent resources are equal to
CP=2+1+1+2+1+1+2+3+2=15.
(10)After the 10™ step the total expected loss is equal to
w1 for = Wi-(1 =P1®) +W-(1 =P,®) +W5-(1 —=P,*?) =10-0.01 + 3-0.03 + 7-0.01 = 0.21
and the spent resources are equal to
CP=2+1+1+2+1+1+2+3+2+5= 20.

The process of constructing cost-effectiveness curve can be continued. Graphical presentation of the
steepest descent solution is presented below.

34 ﬁ'
243 \

1 15 \
0s \\

2

Conclusions

This theoretical approach can be used for the assessing, planning, modeling, and managing of
cost-effective counter-terrorism measures. Some ideas of this were applied to modeling survivability of
National Energy System or the former USSR [Rudenko & Ushakov, 1979; Kozlov et al., 1986; Rudenko
& Ushakov, 1989]. Further development of proposed theoretical approach and its implementation for
various possible scenarios can significantly boost the analytic resources and predictive capabilities of
fighting against terrorism. The approach is powerful enough for the solution of complex and highly
unstructured problems. Based on this approach, one can formulate much more complex and realistic
problems to include various “what-if” scenarios and additional information: known gaps in security
system, counter-terrorism intelligence, impact of preemptive strike against terrorist groups, fuzzy
information about terrorist plans and capabilities, etc. Also, the proposed approach can be used to
identify the most appropriate security measures and develop optimal strategy aimed at providing
maximum possible protection against terrorist threat. Finally, it may be useful in exploring the impact
of budget cuts and resource reallocation scenarios on safety issues.
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WE ARE LIVING IN
A YELLOW SUBMARINE...

(scientific-romantic novella)

by John D. Kettelle & Igor A. Ushakov

We, John and Igor, have had perhaps a unique experience of technical cooperation that predated
the end of the Cold War. This is a story about how those common interests have continued, with the
hope that it can motivate and encourage more such shared work among countries (and corporations).

Initially, we planned to write something that was strictly technical. Now we ask that your
forbearance for something more relaxed and personal. The mathematically inclined can go immediately
to the description of the Kettelle algorithm in Appendix 1, and to its development in Appendix 2.

PART 1.

John.

In 1958 the US, as part of its response to the USSR's development of ICBM's (intercontinental
ballistic missiles), had started BMEWS, the Ballistic Missile Early Warning System. (BMEWS was a
weird acronym, because it was pronounced like the English verb “bemuse”, which means to get
amusedly lost in thought.) Like any big system, BMEWS had a number of components, such as its
power supply, the radar itself, and parts of the computer (in those days computers were still in their
infancy) that was needed to analyze the radar data. My company (Kettelle & Wagner”) was given a
contract to determine the optimal balance of investment (via redundancy) among these components.

It happened to be that I had recently heard a lecture by Richard Bellman, on his then-new concept
of dynamic programming. It seemed to be a good approach to this problem. Although the BMEWS
work was highly classified, we were, in 1962, allowed to publish a paper on optimal allocation of
redundancy [1]. A brief description of my algorithm can be found in Appendix 1.

Igor.

In the beginning of 1960’s., I had been working at one of top-secret Soviet Research and Development
Institutes that designed a system for a remote control of ballistic intercontinental missiles with nuclear
warheads. It was a hot time of the Cold War, when during Caribbean Crisis both
John Kennedy, and Nikita Khrushchev narrowly avoided the World War III.
Besides America and Western Europe, the Soviet missiles were also targeted on
Chinese (the “best friends” of Soviets at the time).

I dealt with reliability and inventory problems that were new to me at the
time, so I read a lot of papers on this subject. Once in the journal “Operations
Research” I found a paper written by J.D. Kettelle “Least-Cost Allocation of
Reliability Investment”. I found that this paper gives an accurate solution of an
the extremely complex problem with a clear and elegant algorithm. All our
attempts to use Richard Bellman’s dynamic programming [2] had been
unsuccessful. In those days we did not use computers for solving engineering
problems, and Bellman’s method was too clumsy for a “hand-made” solving. It
was too wordy to call the algorithm a “Modified Algorithm of Dynamic

? Daniel H. Wagner (1925-1997), prominent specialist in Operations Research. ORSA (Operations Research Society of
America) established The Daniel H. Wagner Prize for Excellence in Operations Research Practice

-56 -



study

Reliability: Theory & Applications No.3, September 2006

Programming”, so I coined the new name “Kettelle’s Algorithm”.

I translated the paper and placed it in a papers ccollection of “Optimal Problems of Reliability” [3].
The title of the book sounds a bit stupid: I originally meant for it to be called “Opftimization
Problems” but the editor of the Publishing House changed it to what seemed to him more
understandable: “Optimal Problems”. And it was, of course, an error on my part for not giving attention
to the title when checking the proofs.

Since then in Russian reliability literature everybody has used the term “Kettelle’s Algorithm”. (As I
discovered later, the algorithm has no such name in the country where it was invented!)

With time, computers came into engineering practice, and I decided to modify Kettelle’s Algorithm to
make programming easier. It was very simple and, honestly speaking, a rather minor modification [3],
though it allowed a more convenient procedure, which I called the “Universal Generating Function” [4,
5]. This methodology got some intensive development and practical applications: my colleagues and
friends from Israel Gregory Levitin and Anatoly Lisnianski with colleagues performed a really great
job [6, 7, 8]. An exhaustive bibliography on the development of the Universal Generating Function can
be found in [9].

A very brief description of my modification of Kettelle’s Algorithm (Universal Generating Function) is
presented in Appendix 2.

PART II.

Igor.

IGOR A. USHAKOV In 1989 I was invited to lecture at The
DISTINGUISHED VISITING PROFESSOR ~ George Washington University for a

semester as a Distinguished Visiting

eg1§ tON scooL oF ENGINEERING AND Professor. The university sent out an

Ij\rsllve lty APPLIED SCIENCE invitation requesting my informal answer.

WASHINGTON DC DEPARTMENT OF After getting my positive response they

OPERATIONS RESEARCH intended to send an official contract, and,

WAstINGTON BC 20052 after I had signed it, they would send me an

Omc:f,-. e official offer to which I would have to

HOME: (703) 528.0067 . .

respond with a written acceptance. I feared

that such a back-and-forth bureaucratic correspondence will last until doomsday. So, I decided to fly to

Washington and sign all papers immediately and instantaneously... My friend, who was a Scientific

Assistant to the Academician-Secretary of the Soviet Academy of Sciences, helped me with my urgent

business trip to America. He arranged a three-day-trip to Washington with no compensations for my
travel and living expenses...

I came to Washington, D.C., where my old friend Robert Machol, whom many know by his excellent
book [10], met and invited me to stay at his home. It was my salvation: I had no money at all!

The next day, I walked to the University, which was on the other side of “not too small” city... It was

about 100 F° and 100% humidity. I then understood that money was evil but their absence was even
more evil! When I came back and Bob saw my wet jacket he was really furious that I did not tell him
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about my financial situation. He gave me a hundred bucks with words: you may return what you do
not spend before you leave...

Could you imagine, how long I explained to my American colleagues that I would like to have an
invitation for a year with a salary for half a year, because otherwise, I had no chance to take my wife
with me... They had a difficult time understanding if a Soviet specialist went abroad for less than 9
months, why he could not bring his wife with him! I was forced to lecture them about some specifics
of a woman physiology ...

At last, I signed all papers, came back to Moscow and in two months flew back to America with my
wife! By the way, there were no tickets going: Moscow — New York — Washington, so we were forced
to make a funny long trip: Moscow — Shannon — Havana — Mexico City — San Francisco — New York —
Washington! (Fortunately, I had an acquaintance at the Aeroflot office in Moscow!) Anyway, we
finally made it to Washington right before the beginning of the academic year...

After the first semester, I was asked to stay to the end of academic year, and of course I happily
accepted the proposal. Then I was surprised and flattered with another proposal to stay a year more....

At the end of the last year of my visit to Washington, I felt some discomfort in my heart: it was difficult
for me to take the stairs up to my office on the second floor. I was forced to make two to three stops...

A surgeon at the University Hospital informed me that I needed an open heart surgery... Reading this
you can see: it was quiet successful! Then I was advised by the surgeon to stay at least a year under his
surveillance... I was in panic: to stay in the country with no money and no job? And once again my
friend Bob Machol came to my rescue.

It occurred that when I left Bob Machol’s apartment after my previous visit to Washington, I took with
me some preprints that I brought to the university to confirm my credentials (though nobody asked me
about it them at all). I forgot about them too and they got left behind in the room where I stayed. Bob
picked them up and found that one of them had a reference on the Kettelle’s paper. He kept it and gave
it later to his onp friend John Kettelle as a demonstration of his fame in the Soviet Union!

When Bob realized that I badly needed help, he called his friend and...

John.

I remember that one day my friend Bob Machol called and said that he had his Russian friend,
Igor Ushakov, who was his guest, had left some of his papers with reference to my work. It was very
intriguing. ...

I found that in Russia the algorithm I had invented bore my name!
Later, in about two years, Bob Machol called me and asked if I would like to meet the author of that
paper about my algorithm... I was glad to do so, and that’s how I met Igor. His contract with the

George Washington University should have expired soon, so I offerred him a job at my company
Ketron, Inc...
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PART III.
John.

We shortly came up with the idea of forming the Ketron-Moscow Institute, with Igor as its Director.
My objective was to 1nvolve talented Russian mathematicians and programmers in my company’s
projects, and Igor’s objective — I believe
— was to help his former friends and
colleagues to survive in extremely
difficult situation in the former Soviet
Union.

Igor.

I remember my very first day at Ketron,
Inc... My office was next to the office of
the President, John Kettelle. It was a
beautiful office with a great view of
Washington: on the horizon one can see
Washington Cathedral...

He introduced me to all the staff. I started working. John had a fantastic plan: how to involve Russian
programmers and applied mathematicians for performing some projects here, in America... I was so
enthusiastic!

John’s secretary, Janice, brought to me a lot of my papers, which I presented to KETRON Ketron, Inc,
relating to work. Among them, I found several of her reports to FBI about my phone calls to Russian
colleagues, my emails, etc. It was not a surprise for
me: KGB or FBI — what is the difference?

Janice was a sweet girl, so I brought all those papers
back to her and whispered: in the Soviet Union for
such a mistake you should have been severely
punished. But we will let this time slide. Since then,
Janet became my good friend and assistant (and with
my English I needed it badly)...

Unfortunately, this job did not last too long. Though
company went bankrupt (an interesting example of
some of the hazards of capitalism), John helped me
to find a new job. He recommended me to one of his former employees, by then the Chief Scientist of
MCI (the largest telecommunication company of the US).

So, with the help of John Kettelle, I once again survived in the United States...

PART1V.
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Igor.
Though our mutual job was finished, our friendship became only stronger. John visited my home, I
visited his home.

Once on Independence Day July 4™, we
visited John’s family and even
participated in an impromptu “military
parade”: John gave each of us hand-
made toys in the form of rifles. (In the
picture below: Slava Ushakov (my son),
John Kettelle, and his neighbor (who
was at the time a Counselor of the
British Embassy).

Then I unexpectedly we met John at the
reception of former patients of
cardiologic surgery. It occurred that the
same surgeon — Japanese with a tender,
almost Russian name Alyona — had operated on both of us!

PARTYV.

John.

Igor had recently called and invited me to participate in the Gnedenko Forum. Boris Gnedenko is quite
famous in the American mathematical community. I remember what an outstanding mathematician he
was: we met when he came to visit Igor here in US.

I accepted Igor’s invitation and looked forward to
participating to the extent my old body would let me. In the
meantime, Igor invited me to join him writing a paper about the
so-called Kettelle algorithm, and I look forward to a positive
result.

Igor has suggested that this story, with its remarkable
element of cold-war collaboration, might be of interest beyond the
narrow community of mathematicians interested in reliability. I
hope he is right. At the end of the "cold war", we thought that
there might be a way to plug the well-known mathematical talents of Russia into the fascinating
mathematical problems that confront "western" (and indeed all the world's) corporations and
governments. Unfortunately, my own preoccupations were intervened.

With the "hope that springs eternal from within the human breast™, I would love to return to
that project. The present version of it could include:

e A compilation of the business and governmental problems shared by the US, Russia, and the
rest of the world. I have been working on the US version of this, and within as little as a month

I might have something to share with the Forum to "prime your own pump".

e A corresponding collection of mathematical (and operations research) ideas that might address
these problems. On this side, there are two that I myself am having some fun with:

? Line from Ernest Lawrence Thayer's classic poem "Casey at the Bat".
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o Computerized Third Parties - a new way to negotiate. One application is international
treaties, another is mergers and acquisitions, and a third is the private purchase of real
estate.

o Efficient Industries. Most applied mathematics - particularly operations research - is
financed by individual companies to help them compete and make more money. Beyond
this, in the US there are laws against monopolies. Result: There has been embarrassingly
little work on making an entire industry efficient. Logically, there should be some
communist ideas, and ideas from other nations, on this topic.

I would love to be a part of an international effort along these lines.

Igor.

Several days ago, I called John Kettelle and suggested to join the Gnedenko Forum. He
accepted my invitation, and moreover, we have decided to write together a paper on the Kettelle’s
Algorithm. .

I thought about an interesting coincidence: I am living now in San Diego, California, where
John over 50 years ago began his Navy career as an officer on a submarine! Why was I thinking about
it? Who knows... Maybe because I was sitting in a comfortable apartment and was listening to my
beloved Beatles’ song “Yellow submarine”...

And I was thinking about how lucky we all are that at the terrible time of confrontation between the
United Stated and the Soviet Union, no crazy man pressed the button to fire a nuclear missile!..
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Appendix 1:
Description of the Kettelle Algorithm.

Assume that we consider a submarine that should perform some operation of duration ¢ without visiting
a base. Electronic equipment of the submarine is considered as a series connection of n functional units.
If an operating unit has failed it is replaced by a spare one, and it is assumed that if there is an available
unit of needed type, the equipment operates successfully. Since the volume of submarine’s storage is
limited, one may say optimization of the number of spares that delivers maximum reliability under
restriction on the total size of the storage. For the sake of simplicity, let us assume that the total volume
of spare units is equal to sum of the volume of all spares. (This assumption is made to avoid
simultaneous solution of the problem of optimal packaging. If you wish, you may think in terms of the
units’ cost then the property of additivity will be held.) of

To formulate the problem in general terms, let us introduce the following notations:

n is the number of operating units of different types within the system,

xx 1s the number of spare units of type &,

Ri(xy) is probability of successful operation of unit £ during given period ¢ if there are x; spare
units,

vy is a size of cell for storing of element of type k. (Under assumptions above, the total volume
of x spare units is equal to x; v .)

One needs to find such vector X=(x|, x2, ...,x,) that maximize the probability of successful
operation of the submarine electronic equipment during an operation of duration ¢..

T I M
L T .2 b
I HH

In mathematical terms this problem is formulated as following :

maX{ H R (x,)] Z ViXi <Cpnr }

X 1<k<n 1<k<n
where Cy 7 is limitation on the total volume for spares (the size of the storage).

Let us demonstrate the algorithm on a simple example of a system of 4 units in series.

Step 1. For each operating unit, one writes for each number of spare units x; values of Rx(x;) and
respective total volumes vy, x.
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Table 1.
Number of spares 0 1 2 3
Probab. of failure free | R;(0) Ri(1) Ri(2) Ri(3)
Unit 1 operation
Total volume of spare | 0 ] 2vy 3vy
units
Probab. of failure free | Ry(0) Ry(1) R2(2) R.(3)
Unit 2 operation
Total volume of spare | 0 Vs 2v, 3v,
units
Probab. of failure free | R3(0) R5(1) R3(2) R3(3)
Unit 3 operation
Total volume of spare | 0 V3 2v3 3vs
units
Probab. of failure free | Ry(0) Ry(1) R4(2) R4(3)
Unit 4 operation
Total volume of spare | O Vi 2v, 3vy
units
Step 2a. “Combine” units 1 and 2 in the following way
Table 2.
Unit 1
Unit 2 0 1 2 3
0 Ri(0)R(0) | Ri(1)R>(0) | Ri(2)Rx(0) | Ri(3)Rx(0)
0 \4 2V 3 v,
1 Ri(O)R(1) | Ri(1Rx(1) | Ri(2)Ry(1) | Ri(3)Rx(1)
Vs Vit vp 2 vt v, 3vitv,
2 Ri(0R>(2) | Ri(1R2(2) | Ri(2)Rx(2) | Ri(3)Rx(2)
2V2 V1+2V2 2 V1+2V2 3 V1+2V2
3 RI(OR:(3) | R(DR:(3) | Ri2)R:B) | RGIRA3)
3 Vo V1+3 Vo 2 V1+3 \/ 3 V1+3 Vo
Step 2b. “Combine” units 3 and 4 in the following way
Table 3.
Unit 3
Unit 4 0 1 2 3
0 R3(0)R4(0) | R3(1)R4(0) | R3(2)R4(0) | R3(3)R4(0)
0 V3 2 V3 3 V3
1 R3(0)R4(1) | R3(DR4(1) | R3(2)R4(1) | R3(3)Ru(1)
\7 V3t vy 2 V3t vy 3 V3t vy
2 R3(0)R4(2) | R3(1)R4(2) | R3(2)R4(2) | R3(3)R4(2)
2V4 V3+2V4 2 V3+2V4 3 V3+2V4
3 R3(0)R4(3) | R3(1R4(3) | R3(2)R4(3) | R3(3)R4(3)
3 Vyu V3+3 Vy 2 V3+3V4 3 V3+3 Vy

Step 3a. One takes all pairs {R;(x;)*Ra(x2); vixi+ vox2} and orders them by the total volume increasing,
then exclude all pairs that for the same or smaller probability have larger values of the total volume. In

the result, one has a sequence of the type: {R/,V}'},{R; .V} },...{R; .V} ...
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This sequence is called dominating sequence. (As a matter of fact, it is a Pareto set.) Of course, by the
number of this dominating sequence, one can easy find from Table 2 what kind of spare units have to

be chosen for any pair {R j’ ,Vj’ } . The results of this “combining” can be graphically presented in the

form:
R
e %
+*
* |
Fi o :
R ot - ¥ o :
T i i
RJ‘\ ________________ _,* ol o i
i ,:::, i
& RI T :
i st . S o l
L | £ |
! ' 4
I_.- I I’i il' I_.-" ! IJ- JT
1 2 3

Legend: #» dominating
¢ excluded

Step 3b. The same procedure is repeated for Table 3. One takes all pairs {R3(x3)*Ra(x4); v3x3t vaxs}
and orders them by increasing values of probabilities, then chooses the dominating sequence:

(R" VY ARS V], {Rj.’,Vj”}...

study

Step 4. One constructs the final Table 4.

Table 4.
First dominating sequence
Second 1 2 3
dominating | 1 RIR!" RIR/ R/R/
sequence
q Vll +V111 Vzl +V1H V3I +V1H
> [RE | RE | R
I/ll + VZII VZI + V2H V3I + V2H
3 RR{ | RR | R{R{
I/l] + V3” VZI + V3” V3] + V3”
Step 5.

The same procedure of ordering is performed now for the final Table 4. One takes all pairs
R RV +V" AR -R IV + V) ARy RV + V(R -R V] + V"), .and orders them
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by increasing values of probabilities, then chooses the dominating sequence:
{R* VR AR® LV H b ARV * S

Solution. One finds such & that V*; <Vipgr< V*r+;. By pair {R*,,V *, } that represents the solution,
one finds corresponding pairs {R/,V'}and {R},V/}, which compose the solution. In turn,
{R!,V} helps to find initial pairs {R, (x,), v, x,} and {R, (x,), v, X, }, i.e. one has found x; and x, , as
well as {R},V"}helps to find initial pairs {R,(x;), v;x,} and {R,(x,),v,x,}, i.e. x3 and x4 has

become known.

Appendix 2:
Modification of the Kettelle Algorithm by the Use of Universal Generating Function.

If you look more attentively at Kettelle’s Algorithm, you find that you deal with a pairs of numbers
with which you perform the following operation: values of R are multiplied and values of J are added.
It immediately leads you to a thought that similar procedure is performing with the generating
functions! Indeed, Table 2 or 3 are very convenient for handle-calculations, though for computer the
following procedure is “more understandable” and workable. So, expression

F1(x)=(R,(0)z° +R,(Dz" + R, (2)z™ +..)-(R,(0)2° +R,()z" + R, (2)z™ +...)

in a sense, is equivalent to Table 2. However, using UGF, one can write immediately formula for
series system of n different units:

F @)= TR (0)z° +R,(Dz" + R, (2)z™" +...)

1<j<n

In contrast with usual procedure od polynomial multiplication, we avoid similar terms reducing. In
other words, all terms with the same power of x are kept in their original form. And now we have the
problem of “sifting” the terms of final polynomial fr.4(x) to get a dominating set as we did it for the
Kettelle’s Algorithm. Let us consider all terms of non-reduced final polynomial fry4z(x) into pairs of
the “Kettelle’s type”. If somebody still feels inconvenience adding volumes, let us say about cost rather
than volume (keeping the previous notations v and V).

Let us order the “Kettelle’s pairs” by increasing value of the total cost of spare units, V:
[RF[N VFlNl [RFIN N [RFIN 7 FIN [RF[N VFlNl
1 > 1 2 sV 2 3 sV 3 cee gy j oV

FIN

ie. V™ <y foranyj. Now, in this ordered set, one excludes those pairs, for which 7™ < R/},

Jj+l
Thus, dominating sequence is constructed easily, though Kettelle’s Algorithm gives the way
how to find corresponding vector X 7 = {x”"" x" . ,x?"}. However, using UGF we have

completely lost the track of the solution: all intermediate sets of x’s are lost!!
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To avoid this, let us introduce the following artificial though useful terms and notations.

Let us use ancient Roman military terminology: a legion is a division of a high level, a cohort is
unified part of a legion (all cohort have the same structure), a maniple is a lowest unit of the army. Let
us give these terms new contents. Let any “atomic” parameter of a unit be called a maniple (M). (Such
parameters are unit reliability, its cost, its volume, the number of spares of given type, etc.) The
complete set of such parameters characterizing a unit be called a cohort (C). In our case a cohort is
presented by a triplet C;(k)= [M;1, M2, M;3], where M;; is reliability of unit j under condition that there
are k spares, 1.e. Rj(k); M), is the total cost of k spares, 1.e. kv;; and M3 is the number of spares for this
case, i.e. xj(k)]. Let us note that actually x;(k)=k, however, we use such a specific notation intentionally
to keep track of actually used spare units.

A legion in our case is a set of cohorts, i.e. a set of all parameters of the series system. (Of course,
system structure should not be necessarily series: we just preserve previous assumptions.) Thus, a
legion in formal notations can be presented in the form:

Li=(Ci,Cp,Cs, ... , Cig, ...} =
={[R(0), 0, x;(0)], [R(1), v, x(1)], [RA2), 2v}, x{(2)], ... , [Ri(k), kv}, x(k)]...}.

Now introduce an interaction of legions (denote this operation with a special sign ®"*“), and
begin with interaction of two legions. Interaction of legions is an operation similar to a Descartes
product: each cohort of the first legion interacts with each cohort of the second legion. Denote

interaction of cohorts by ®“? . In other words, in the result of two legions interaction on gets a new
“expanded” legion:

Cll ®COH C21’ C12 ®COH C Cl3 ®C0H C21’
Cll ®COH C22’ C12 ®COH C22’ Cl3 ®C0H C22’
Cll ®C0H C23’ C12 ®COH C23’ C13 ®C0H C23’

21>

L*=L, ®" L, =

As one can see, actually it is just a different form of Table 4 given by John Kettelle in Appendix
1. There are new notations, new words but of course the same idea.

In the result of such interaction we get new cohorts. Now we can express the result of
interaction of two cohorts

Cir @ Ca=[Ri(K), kv, x,(k)] @[ R(D), Ivi, x)] =
[Ri(k) ®™ R(D), kv; ® Ivi, xi(k) ® xi(D)] = [Ryr*, Vii*, x;*],

i.e. in result of interaction of two cohorts, one gets a new cohort with interacting maniples of the same
nature.

Each type of maniples interacts by its own rules. In the case under consideration, ®" is an
“interaction of probabilities”, i.e. ordinary multiplication, ®" is an “interaction of costs”, i.e. ordinary
addition, though ®" is an operator allowing to keep information about number of spare units of each
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type. (At last, we effectively use notation x;(k) instead of just simple k , since subscript j shows to
which unit these spares belong.)

As the result, we have

Ri* = Ri(k) ®" Ry(1) = Ri(k) xRy(0),
Vi =kv; ®" lvi=kv; + lv,,

X% = x(k) @ xl) = {x(k), x(D)}.

Obviously, such manipulation can be performed with arbitrary number of simultaneously interacted
legions. With the procedure modified in described way, one has for any term of the final dominating

sequence a set of needed spare units X = {x,,Xx,,...,x,} that corresponds to a chosen term of the

sequence.

Universal Generating Function is convenient not only for optimal redundancy problems. allows
simplifying analysis of multi-parametrical units. For instance, analyzing the capacity of a pipeline,
consisting of series of connected parts, one can introduce interaction of type

7¥=721®"2 ® ... ® z,=min { z, 2, . z,},
as well as interaction of type
Y* =y1®yy2 X7 ... ®yyn =z1+ zp+  + Zp,

for parallel parts of the pipeline, i.e. one has a possibility in the frame of the same mathematical model
consider systems with network structures.

For finding an accumulated error, it is possible sometimes use interaction of type

W =w®"w, ®"... "w, = \/le W W,

etc.
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MY BRIEF WITH GNEDENKO

David Cox,
Oxford, UK

I first saw Professor Gnedenko’s name in connection with his beautiful
treatment of extreme value theory.

R.A. Fisher and L.H.C. Tippett had derived the limiting distributional
forms by highly informal arguments but Professor Gnedenko’s paper
combined verbal and mathematical clarity. Perhaps 10 or more years
later, in approximately 1970, he came to England, visiting first
University of Newcastle-upon-Tyne in the North of the country; it is
quite possible that he came there by sea.

He came on to London by train and I arranged to meet him at the train
station. Because we had not met before I said I would identify myself by
holding up a copy of the Journal of the Royal Statistical Society, of
course Series B. This seemed to amuse him a lot for some reason.

I recall taking him straight to a guest room at Imperial College, and, this being a fraught time
politically, remember his anxiety to go immediately to the nearby Soviet Embassy. Once he had done
that and emerged he became much more relaxed. He gave two excellent seminar talks, one on laws of
large numbers and one on a more applied topic which I do not recall, probably a queueing or reliability
issue. At dinner one evening at my home with a few friends he spoke vigorously about all sorts of
topics, the crime-writer Agatha Christie for example.

He dominated the conversation, in an entirely friendly way, even though his English vocabulary was
extremely limited; this seemed no handicap. He spoke with a partly Australian accent; he had visited

there shortly beforehand.

I met him a couple of times subsequently, the last time in Moscow where he entertained UK visitors to
the Tashkent meeting of the Bernoulli Society at a rather lavish banquet in some official building.

He was regarded with affection and respect by those of us who met him on these occasions. The respect
was partly for his massive early contributions to the subject and also for the remarkable way he kept

very productive in research long after retirement.

June 2006
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Kypnan "Haae:xkHOCTH: BONPOCHI TEOPUH M MPAKTHKH' TPHHUMACT CTaThH, 0030DPbI, PEICH3UH,
BOCIIOMHUHAHMS, HWHPOpPMAIMOHHBIE W OuOIMOrpaduvecKkue MaTepuaabl 10 TEOPETHUYCCKUM H
NPUKJIAIHBIM aCleKTaM HaJEeKHOCTU M YINpaBJICHUs KadyeCcTBOM, O€30MaCHOCTH, KHBYYECTH H
TEXHUYECKOMY O0CITyKHBaHUIO.

CraTbu TCOPCTUUCCKOI'0 XapaKTepa HOJLKHbBI HCIIPEMEHHO COJACPKATbhb HOBLIC IIOCTAHOBKHU 3aj1ad4,
YKa3aHue€ BO3MOXHOCTH HOPAKTUYCCKOr0 TPHUMCEHCHUA W HE JOJIKHBI OBITH MEPETPYKCHBI
(i)OpMaJ'H)HI)IMI/I BBIKJIaAKaMH.

[Tpuopuret OyaeT OTAABATHCA CTAThsIM, OTPAKAIOIIUM MPAKTUIECKOE TIPUMEHEHHE METO/IOB.
TpeboBanus Kk 0hOpMIICHHIO CTaTei: CTaThbH JOJDKHBI OBITH mpejactaBieHsl B opmate MSWord Ha
AHTJIMHACKOM SI3bIKE, JKEJIATeNIbHO COMPOBOJHWTh HMX BEpPCHEd Ha PYCCKOM SI3BIKE, IMOCKOJIBKY (IO

KpaliHel Mepe, B HacTosIIee BpeMs ) OOJBITMHCTBO YHUTATENICH KypHaja pPyCCKOS3bIYHbIC.

OO0beM craredl (BMeCTe ¢ WLIIOCTpAlUsIMH) HE JOJDKeH mnpeBblmath 15 crp. (mpudt Times New
Roman - 12 ot - uepes 1,5 nuntepnana.

[TyGnukamnust B JKypHajie NMPUpPaBHUBAETCS K IyOJUKAIMHM B MEXKIYHapOJHOM Hay4YHO-TEXHHYECKOM
KypHae.

CTaTLI/I, PEKOMEHAOBAHHBIC YICHAMHU PEAKOJIJIICTUH, HA PELHICH3UPOBAHUEC HE HAIIPABJIAIOTCA.

Penakuus ocraBisieT 3a co0oil MpaBo W3MEHHTH Ha3BaHHME CTAThbU, a TAKXKe IMPOBECTH PEIAKTOPCKYIO
NPaBKY.

3a aBTOpaMH COXpaHSETCs IOJHOE IMPaBO MCIOJIb30BATh CBOM MaTepHalbl IOCe MyOIUKaluu B
JKypHaJIe TI0 CBOEMY YCMOTPEHHIO (IIOCHUIATh UX B JIPYTHe U3/IaHMs, TIPEJICTABISATh Ha KOHDEPEHIIUH U
T.I1.)

CraTbhu HampaBIATh 1O e-mail

I'maBHOMY penaxropy, Uropro YiakoBy
iushakov2000@yahoo.com

NI

OTBETCTBEHHOMY cekpeTapio, Ajekcanapy boukoBy
a_bochkov(@yahoo.com
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BbIBOPbI MNPESUOEHTA ®OPYMA

VYBaxaemsble 1py3bs!
B wurone 2006 roma cocrosiuck BbIOOpHI [Ipesmmenta m Burme-npesuaenta Hamero ®opyma. Ha
rojocoBaHue ydacTHUKOB dopyma ObUIM BBICTaBIIEHBI JIBe KaHauaatypsl: llpesunent — Braaumup

Cemenosuu Kopomtok u Bunie-nipesusent — Jlasug Kokce.

Bce npuHsBIINE B TOJIOCOBAaHUM YYaCTHUKHU (GopyMa MoAAepKany o0e MpeCTaBIeHHbIe KaHAUAATYPHI.
Br160pbI cocTOsIMCh.

Kpatkas nadopmanms:

HPE3UJAEHT

Kopomrox )
BJIAJUMUP CEMEHOBUY,

axademux AH Yxpaunckoi CCP

VKkpauHckuii ~ maremaTuk, axageMuk ~AH
Vkpamackoit  CCP (¢ 1976,  unen-
koppectioHaeHT ¢ 1967). Oxonumn KueBckuit
yausepcurtet (1950).

C 1954 r. padoran B uncruryte marematukn AH Ykpaunckoii CCP, ¢
1965 r. - onnoBpemenHO npodeccop Kuepckoro ynusepcurera.

OcHOBHBIC HaNpaBJeHUsl MCCJIEIOBAHMI - TeOpHsl BepPOATHOCTeH M
MAaTeMaTH4YecKasi  CTATHCTUKA, BbIYHCIUTEJbHAs  MAaTeMATHKa M
NMporpaMMHpoOBaHHe.

Pa3pabotan MeToa Mmoc/jie0BaTe/bHOI0 HCYePNbIBAHNS HEBSI30K € Y4eTOM
3¢g¢dexTa NOrpaHMYHOrO CJIOS, BO3HUKAIOLIEr0 TMpH TMepexoae OT
HHTErpajbHbIX, HHTErpo-auddepeHunaJIbHbIX WIN Pa3HOCTHBIX
YPaBHeHHUIl ¢ MajbIM napaMeTpoM K Au(depeHIuaIbHbIM YPABHEHUAM
napadoIuyeckoro wWin JummnTudeckoro tuma. I[lpexno:xkun u pa3Buia
HOBBI MOAX0A K M3YYeHHI0 (YHKIHMOHAJIOB OT MAPKOBCKHX M
MOJIYMAapPKOBCKUX IMPOLECCOB, OCHOBAHHBIH Ha oOpalleHMH JIHHEeHHBIX
0NepaTopoB, BO3MYUIEHHBIX Ha CIIEKTpe.

Ioctpoun anroputMbl (a30BOro yKpyHHEHHs CIOXHBIX cHcTeM. [lomydmn
AQHAJIMTUYECKUE BBIPOKEHHUS JUIS TMPOU3BOMAIIMX (YHKIUA TPaHUIHBIX
(YHKIMOHAJIIOB OT OJHOPOIHBIX MPOLIECCOB C HE3aBUCUMBIMHU TPHPALICHUSIMHU.
IMocTponn mMOTEHIMAT W PE30JBBEHTY MOJYHENPEPBIBHBIX  OJHOTHUITHBIX
MIPOIIECCOB C HE3aBUCUMBIMHU MTPUPALICHUSMH C TIOTJIOIICHUEM.
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BULE-IIPESU/IEHT

SIR DAVID COX
Ph. Doctor

He studied mathematics at the University of
Cambridge and obtained his Ph.D. from the
University of Leeds in 1949. He was employed
from 1944 to 1956 at industries, and from 1956
to 1966 he was Professor of Statistics at
Birkbeck College, London.

From 1966 to 1988 he was Professor of Statistics at Imperial College London.
In 1988 he became Warden of Nuffield College and a member of the
Department of Statistics at Oxford University. He formally retired from
these positions in 1994.

Sir David Cox has received numerous honorary doctorates. He has been
awarded the Guy medals in Silver (1961) and Gold (1973) of the Royal
Statistical Society. He was elected Fellow of the Royal Society of London in
1973, was knighted by Queen Elizabeth II in 1985 and became an Honorary
Fellow of the British Academy in 2000. He is a Foreign Associate of the US
National Academy of Sciences. In 1990 he won the Kettering Prize and Gold
Medal for Cancer Research for '"the development of the Proportional
Hazard Regression Model."

Sir David Cox has written or co-authored 300 papers and books.

From 1966 through 1991 he was the editor of Biometrika. He has supervised,
collaborated with, and encouraged many younger researchers now
prominent in statistics. He has served as President of the Bernoulli Society,
of the Royal Statistical Society, and of the International Statistical Institute.
He is now an Honorary Fellow of Nuffield College and a member of the
Department of Statistics at the University of Oxford.

He has made pioneering and important contributions to numerous areas of
statistics and applied probability, of which the best known is perhaps the
proportional hazards model, which is widely used in the analysis of survival data.

B xome romocoBaHusi Oblia eAMHOTIACHO 0a00peHa mompaBka B YcraB dopyma, 3ampemiaronias
ocHoBatenmo Popyma u yu€Homy cekperapio @opymMa BBICTaBISTH CBOM KaHIUAATYPHI Ha BBIOOpax
[Ipe3nnenta n Bune-npeznnenta Gopyma.
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[TompaBka npuHATa B CIEAYIOUICH PelaKIIUU:
in Russian:

8. Ocnosatens @opyma u Yuensrii Cekperaps @opymMa HE HMEIOT IPaBa OBITh N30PAHHBIMU HA TTO3HIIUH
[TpesunenTa wim Bune-npesuaenta Gopyma.

in English:

8. Founder of the Forum and the Scientific Secretary of the Forum have no right to be elected on positions of
President or Vice-President of the Forum.

CooTBeTcTByIOIIME HM3MEHEHUs] BHeceHbl B YcrtaB Popyma. Mbl mo3japaBiisieM BCEX YYACTHUKOB
dopyma ¢ «oOpeTeHHeM» TaKoTro MPEJICTaBUTEIBHOTO PyKOBOJICTBA, U MPUIJIAIIAEM BCEX K aKTUBHOMY
COTPY/JIHMYECTBY B HallleM »SJEKTPOHHOM JKypHasle, KOTOopbii ¢ No 3 wmMeer oQuUIIHUATBHBIN
unenTudukanuonusiit Homep ISSN 1932-2321.

' — Fﬁ - /Urops Yuiakos/

/Anekcannp boukos/
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Stochastic Ageing
and Dependence
for Reliability

.....

\N

Chin-Diew Lai
Min Xie

STOCHASTIC AGEING
AND DEPENDENCE
FOR RELIABILITY

Chin-Diew Lai and Min Xie

Ageing and dependence are two important
characteristics in reliability and survival
analysis, and they affect significantly the
decision people make with regard to
maintenance, repair/replacement, price setting,
warranties, medical studies, and other areas.
There are many papers published at different
technical levels. This book aims at providing a
state-of-the-art review of the subject so the
interested readers may have a panoramic view
of the theory and applications of the two areas.

This book serves as reference book for
professors and researchers involved in
reliability and survival analysis. Students with
basic probability and statistics knowledge
interested in applications will also find the
book useful.

Chin-Diew Lai obtained Ph.D. in Statistics from the Victoria University of Wellington. He held
positions at the University of Auckland and the National Chiao Tung University (Taiwan) prior to
coming to Massey in 1979. Professor Lai has published over 90 peer-reviewed papers and coauthored
two well-received books. He is one of the two Editors-in-Chief of the Journal of Applied Mathematics

and Decision Sciences.

Min Xie obtained his Ph.D. in Quality Technology from Linkdping University in Sweden. He joined
the National University of Singapore in 1991 and was awarded the prestigious Lee Kuan Yew research
fellowship. Professor Xie has authored numerous papers and several books, and serves as editor or

editorial board member in several international journals.

ISBN 0-387-29742-1
WWW.Springer.com
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Gregary Levitin £ i

N

The ljn' ersal Generating

Function in Reliability
Analysis and Optimization

The author develops techniques of Universal Generating Function
introduced by I. Ushakov in the middle of 80-e. The book offers a
description of the universal generating function technique and its
applications in Reliability Analysis of binary and multi-state systems and
as well to optimization of series-parallel structures under certain
constraints. The book supplies with a number of examples from
engineering practice.

Many real systems are composed of multi-state components with
different performance levels and several failure modes. These affect the
whole system's performance. Most books on reliability theory cover
binary models that allow a system only to function perfectly or fail
completely. The Universal Generating Function in Reliability Analysis
and Optimization is the first book that gives a comprehensive description
of the universal generating function technique and its applications in
binary and multi-state system reliability analysis. It features: an
introduction to basic tools of multi-state system reliability and
optimization; applications of the universal generating function in widely
used multi-state systems; examples of the adaptation of the universal
generating function to different systems in mechanical, industrial and
software engineering.

This monograph will be of value to anyone interested in system
reliability, performance analysis and optimization in industrial, electrical
and nuclear engineering.

Table of Contents
9.  Basic Tools and Techniques
10.  Universal Generating Function (UGF) in Reliability Analysis
of Binary Systems
11. Introduction to Multi-state Systems (MSS)
12. UGEF in Analysis of Series-parallel MSS

13.  UGEF in Optimization of Series-parallel MSS
14.  UGEF in Analysis and Optimization of Special Types of MSS
15. UGF in Analysis and Optimization of Consecutively

Connected Systems and Networks
16.  UGF in Analysis and Optimization of Fault-tolerant Software.

Gregory Levitin

THE UNIVERSAL GENERATING

FUNCTION

IN RELIABILITY ANALYSIS
AND OPTIMIZATION

Springer, 2005

ABTOp pa3BHBACT METOJ YHHBEPCAIBHBIX HPOM3BOIINX (GyHKIHH,
BBefleHHbIX M. VYmakoBeiM B cepeauHe 80-x romoB. B kHure
NpejjaraeTcsi ONHMCAaHWE MeToJa M IIPUMEHEHHE €ero K aHalu3y
HaJIOKHOCTH  CHCTEM C JByMS M MHOTHMH COCTOSIHUSIMH, a TaKXke K
peLICHUI0 3aa4 ONTUMHU3ALMU TPH HAIWYMK orpaHudeHuil. Kuura
cHaO)xeHa OOJBIIMM YHCIOM IPHMEPOB MPAKTUYECKOTO NPUMEHEHHUS
METO/Ia.

MHorue peanbHbIE CHCTEMBI COCTOAT H3 JJEMEHTOB, HMEIOIIUX
HECKOJIBKO YpPOBHEH (DyHKIHOHHUPOBAHHS, YbH COCTOSIHHS BIMSIOT U Ha
oIepaTuBHbIC BO3MOXKHOCTH CUCTeM. B 1aHHON KHUTe JaeTcs eTaabHbIH
aHaJIN3 TMOJOOHBIX CHCTEM C HCIOJIB30BAHMEM METOJ| YHHUBEPCAIbHBIX
MIPOU3BOSIINX (QYHKIIUI, IPHBOANUTCS MHOTO HPAKTHYECKUX IPUMEPOB.

Kuura OyzmeT MHTepecHa I BCeX, KTO MHTEPECYeTCs HaIeKHOCTHIO
Pa3IMYHBIX TEXHUYECKUX CHCTEM U UX ONTUMU3ALMEH.

OraBieHne KHUTH:

9.  OmmcaHue MeToAa

10. YuuepcanbHas npousBonsdmas ¢ynkuus (YII®) B pacuerax
HaJIe)KHOCTH CHCTEM C JABYMS COCTOSHHAMH

11. BseneHue B aHaiM3 cucteM ¢ MHOTHMH cocTosiHusIMU (CMC)

12. Ucnonws3oBanue VYIID s aHamu3e MOCISIOBATEIBHO-
napamienbusix CMC

13. Hcnons3oBanue YIID ans onTuMHU3amuy MOCIEIOBATENBHO-
napauiensHeix CMC

14. Wcnonb3oBanue YIID i ONTUMU3ALUN CIIELUAIBHBIX BHJIOB
CMC

15. Hcnons3oBanue YIID 1pag onTUMH3AIMKA ITOCIEAOBATEILHO
COC/INHEHHBIX CUCTEM H CeTeH

16. MHcnonp3oBanne YII® s aHanu3a W ONTHMH3ALUH
MPOrPaMMHOTO 00ECTICUeHHS
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. I'epudax

1. Gertsbakh elyager@bezeqint.net

TEOPUA HALEXHOCTHU
Reliabilit C NPUNOXEHUAMM K
eliabiiity NMPOPUNAKTUYECKOMY

Theory OBCNYXXUBAHUIO

With Applications to
Preventive Maintenance

MockBa 2003 - 263 ctp.

[TepeBon ¢ anrnuiickoro M.I'. CyxapeBa
Honx pen. B.B.PrikoBa Rykov@rykovl.ins.ru
I'VII U3a-Bo "Hedts unraz" PI'Y um. U.M. I'yOkuHa,

JLis nproOpeTeHns KHUTH 0OpaTUThCS 10 aapecy:
PI'Y nedtu u raza um. U.M. I'yGkuna,
11991, Mockaa, Jlenunckuii npoct., 65

Ten: 135-84-06, 930-97-11. @akc : 135-74-16

lﬂ Springer

Ora KHHTA - TIepeBo ¢ aHrmickoro MoHorpaduu 1. Gertsbakh, Theory of Reliability With Applications to
Preventive Maintenance, Springer-Verlag- 2000.

ABTOp - WM3BECTHBIH CIEIMATHCT B OONACTH TEOPHHM HAJEKHOCTH - HaNKCal €€ Ha OCHOBE JIeKIHH,
npouuTaHHbIX B 1997-1999 rr. B YHuUBepcutere uM. ben-I'ypuona (M3pamnb) Uit CTyIEHTOB WH)KEHEPHBIX
crieruanbHOCcTe. M.I'epridax 3HaKOM pPycCKOMY 4MTaTeNro Mo KHuram "Mojenu otka3oB" (coBmectHo ¢ X.b.
Kopmonckum, 1966) u "Mogenu npodunakruxu” (1969).

"Teopus HaZEKHOCTH" HAIIMCAHA IPOCTO U AOCTYIIHO, B HEHl HET JUIMHHBIX U TPOMO3/IKHUX J0KA3aTEeNbCTB, B HEH
MHOT'O MHTEPECHBIX IPUMEPOB U 331a4 C NOJPOOHBIMH PELICHUSIMU U allTOPUTMaMM, HAIMCAaHHBIMU Ha IaKeTe
Mathematica.

B ITpunoxennn naercs Hopmansaas u BeitOyoBckas BeposTHOCTHas Oymara .

JeranpHyto nHGOpManuio 00 3ToW KHHTe ([T0-aHIVIMHKK) MOHO HalTH Ha caiire

www.amazon.com , under "books", "Gertsbakh"

Kuaura comepxutr CBemeHHs O CTATUCTHYECKOH 00pabOTKe HEMONHBIX (YCEUYCHHBIX) NAHHBIX, TEOPHUIO
pacmpeneieHuii B HAJIEKHOCTH,  MOJCIH HPOPHIAKTHYECKOTO  OOCIY)KMBAaHUS CUCTEM  C MHOTHMU
COCTOSIHUSIMHU, HOBBIH MaTepHai IO 0OCIyXKHBAHUIO C O0YYCHHUEM | IO BHIOOPY ONTHMAIBHBIX IIIKAI BPEMCHH.

JTa KHHUTa NACAJIbHO IIOAXOJUT KaK y‘IC6HI/IK N y‘IC6HOC rmocooue 1o TCOpI/II/I HaJCXKXHOCTHU, HpI/IJ'IO)KeHI/ISIM

TCOpUn BepOS[THOCTeﬁ, Beegenuio B CHy‘—IafIHI:IC mpouecCbl, U MOXKECT OBITh HCIIOJIL30BaHA CTYACHTaMH,
aCliMpaHTaMU W HayYHbIMH pa6OTHI/IKaMI/I HWHKCHCPHBIX CIICITUATILHOCTEN U NpUKIaIHBIMU MaTCMaTUKaMU.
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The First International Conference On Maintenance Engineering (ICME '06)

UESTC, Chengdu, Sichuan, P.R.China
October 15-18, 2006

Conference's Theme: " New Century, New Maintenance "

Vo=t

B T
"

Organized by
The Maintenance Professional Committee, China Ordnance Society (MPCCOS)

In Cooperation With

University of Electronic Science and Technology of China (UESTC)

International Foundation for Research in Maintenance

Remanufacturing Technology Committee, China Association of Plant Engineering Construction
Machinery Maintenance Committee, China Association of Plant Engineering

Maintenance Engineering Institution, China Construction Machinery Society

Repairing Ship Academic Committee, CSNAME

Sponsor

IEEE Reliability Society (Technical Sponsor)

National Natural Science Foundation of China (NSFC)
Chinese Academy of Engineering

Reliasoft (China) Corporation

Call for Papers (ICME’06)

The purpose of ICME’'06 is to promote interactions between academic researchers and industrial practitioners. We are
particularly interested in exchanging practical approaches, concepts, prototypes, and other results which could contribute to
the academic arena and also benefit business and the industrial communities.

The conference aims to bring together researchers and practitioners that are interested in sharing the latest theoretical and
practical ideas/results in the maintenance field. The conference features keynote presentations from Jay Lee, Min Xie, Basim
Al-Najjar, Jinji Gao, Hoang Pham, Wenbin Wang, and Xisheng Jia.

The conference includes paper sessions, panel sessions and product exhibition. We sincerely expect your participations and
presentation of new ideas and experiences in the maintenance field. Interested parties and personnel other than the authors
are also welcome.

Papers submitted to the conference should describe original work in the maintenance filed. Case studies, empirical research
and experimental results are particularly welcome. Papers should be in English and 2000 - 8000 words in length. Papers
should be submitted in PDF or PostScript format via email to yangbo@uestc.edu.cn or mgiang@uestc.edu.cn .

Topics of interest include but are not restricted to the following:
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+ Equipment Management and Maintenance

¢ The Theory, Technology and Method of Active Maintenance
+ Condition Based Maintenance (CBM)

+ Reliability Centered Maintenance (RCM)

+ Software Maintenance

+ Emergency Maintenance
¢ Tele-Diagnosis and Maintenance

+ e-Maintenance

+ Maintainability & Maintenance Modeling
+ Reliability, Maintainability, Testability, Supportability
+ Analysis and Design Technology

Important Dates

Deadline for paper submission: June 15th, 2006
Notification of acceptance July 31st, 2006

Early registration: September 10th, 2006
Deadline for registration: September 30th, 2006
Date of Conference: Oct.15th -Oct.18th, 2006

The Organization of ICME 2006

Conference Chair

Binshi Xu
Professor

Co-Chairs
Jinji Gao
Shanghe Liu
Min Xie

A. K.S. Jardine
Jay Lee

Dong Ho Park

Academician Chinese Academy of Engineering
National Key Laboratory for Remanufacturing, China

Academician Chinese Academy of Engineering

Professor Beijing University of Chemical Technology, China
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LOCATION

ICME '06 is to be held in Chengdu, which is situated in the middle of Sichuan Province, the West Sichuan Plain. The annual average temperature is around 16.4 degree. Chengdu is a
paradise for food-lovers. As is known, Si Chuan Cuisine is one of four the best well-known Chinese cuisines. According to current statistical figures, there are 4000 different kinds of dishes
in Si Chuan Cuisine and 300 of them are well-known ones. Si Chuan dishes can be summed up as “fine ingredients, refined combinations, skilled cooking and varied tastes”, which
emphasizes “taste”, particularly “Ma” (Spicy) and “La” (Hot). Famous Chuan dishes include steamed jiangtuan, guoba squid, pocket bean curd, duck made with zhangcha, hot bean curd,
duck stuffed with bean mud, fried chicken blood, etc. Chengdu is also a shopping paradise where various shopping centers can be found. As Chengdu is a famous cultural and historical
city of China, different from department stores in general, shopping centers here also sell Chinese herbal medicines, antiques, classic books, handcrafts etc. In particular, “Buxing Jie” is a
recommended street with different kinds of shops there. Goods here have been appraised by experts. In Songxiangiao Art City one can find antiques paintings, coins and handcrafts, etc.
Scenery Spots around Chengdu include:

JIUZHAI GOU

Jiuzhaigou is recognized by the UN as one of the greatest natural legacies in the world. It is located in the Nanping county of Aba province which lies 450 kilomiles away from Chengdu.
With the total area of over 72,000 hectares, it is named as JiuZhaigou because there were 9 “Zang” (a Chinese clan) stockaded villages. The tourist spot is divided into 5 scenic areas
including Baojing Rock, Shuzheng, Rizi, Jian Rock, Chang Sea and ZhaYu. Most of the spots are found within the 3 main Y-shaped gaps. Besides, there are more than 100 highland lakes
scattered like a terraced field. The turquoise water is clear and fresh. In particular, Jiuzhaigou's KeSiTe image, the magnificent waterfall and fountain are attractive sites. Jiuzhaigou is
known as “kingdom of fairy tale”.

SANXING DUI
SanXing Dui Ancient City is the eldest and largest Shu ancient city found in China. In 1986, two enormous altars from the Shang dynasty, the top copper statue of the world—bronze
human figures and a gold masks were found. SanXing Dui ancient city is a top attraction and is regarded as one of the biggest business cities in ancient China.

E’MEI MOUNTAIN

Emei Mountain is also recognized by the UN as one of the greatest legacies of ancient culture and natural landscape. It is situated 160 kilometers away from the southwest Chengdu. The
mountain extends more than 200 kilometers and the epic reaches 3099 meters above the sea level. Tourists can reach 3077m above the sea level. It was said that there is an old man
called Old Pu in the 6th Wing Ping year of the King Ming in East Han Dynasty. One day, he saw a magic deer so he followed it to the Golden Top. The deer disappeared suddenly. Old Pu
asked Bao Zhang, a monk, about it. The monk told him that Puxian Buddha has changed into a deer. Since then, Old Pu became a monk and worshipped Puxian Buddha. In Emei
Mountain its features are craggy, the cliffs are layered and the trees are a lush green, and that is why there is a Chinese saying that “Emei is the most graceful place in the world”.

WUHOU TEMPLE

Wuhou Temple was built in commemoration of Zhuge Liang, the Prime Minister of the Shu Han Dynasty. In the beginning of the Ming Dynasty, it was merged with the Chao Lie Temple in
commemoration of Liu Bei. The temple displays the suppleness of the Chinese garden. There are numerous historical relics like horizontal cribbed boards, couplets, inscribed tablets,
penmanship, furnaces, Chinese tripods, etc. The San Jui (Three-Bests) horizontal inscribed board, Zhuge Liang’s Lung Gun couplets, Chu Si Biao and the tomb of Liu Bei are the most
famous one.
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UCNOJNIb3OBAHUE HABJIIOOAEMbIX PUCKOB
OnA KOHTPOIA NOKASATEJIEM KAYECTBA U
HAOEXHOCTHU

Ipuect B. Bupkad,
Bukrop A. Herec

KioueBble ci10Ba: CTaTUCTHYCCKUM KOHTPOJIb Ka4CeCTBa W HAJCKHOCTH, ITPOBCPKaA
THUIIOTE3, Ha6J'IIO)IaeMI)I€ PUCKHU, DOBCPUTCIIbHBIC I'PAHHUIIBI.

Pe3ome - B crarbe m3maraercsi KOHIENIHS HAOJIOAEMBIX PUCKOB. DTH PHUCKH
OTPEETSAIOTCS TOCTEe TPOBEACHUS HCHBITAHUN I CTAaTHCTUYECKOTO KOHTPOJIS
Ka4yecTBa WJIM HA/IKHOCTH U 3aBUCAT OT PE3yJIbTATOB MCHBITAaHUH. OHHU MO3BOJISIOT
OILICHMBATh BEPOSITHOCTH ONIMOOYHBIX PEHICHWH He Mepe] SKCIEPUMEHTOM Kak
TpaJMIMOHHBIC (TUTAHUPYEMbIE) PHUCKH IIOCTaBIIMKA W TIOTPEOWTENs, a Tocie
JKCIIepUMEHTa. MaTreMaTH4ecKy JI0Ka3bIBalOTCSI OCHOBHEBIE CBOMCTBA HAOIIOIaEMBIX
puckoB. UmcIOBbIE MpPUMEpPHl WUTIOCTPUPYIOT — OINpeleNisieMble TOHSATHS U
JNEMOHCTPHUPYIOT HX TOJIE3HOCTb.

1. BBEJEHUE

OOBIYHO B €CTECTBEHHBIX HAyKax HKCIEPUMEHT IUIAHUPYETCS TaKuM 00pa3oM, YTOOBI €ro
npeamnoyiaragMasi MOTPEIIHOCTh HE MpEeBhIIajda HEKOTOPOTO BBIOPAHHOTO 3HAYEHHUsS, a IIOCHe
OKOHYAHMs SKCIIEPUMEHTA OLEHUBAETCS ero (QaxTudeckas MorpemHocTs. OnHako B 3amadax
CTAaTUCTUYECKHX TPOBEPOK OOBIYHO HCIIOJNB3YeTCs Jpyrod moaxona. BepostHocTn ommOOYHBIX
penIeHnii (PUCKH) pacCMaTPUBAIOTCS B KAYECTBE MEPHI OIMMOOYHOCTH PEIICHHM, KaK JI0 SKCIIEPUMEHTAa,
Tak ¥ mocie Hero. Kaxkercss cTpaHHBIM, YTO TOCJIE€ OKOHYAHHUS SKCIIEPUMEHTA W MPUHATHS PELICHUS
PHCKHU HE YTOYHSIOTCS.

OTa craThsd HMeEET Ielb BOCIOJIHUTH 3TOT HpoOen Ui 3aJady KOHTPOJS KadecTBa U
HazaexxHocTu. Kpome Toro, pemraercs npodieMa KOHTPOJISL ¢ UCIOJIb30BaHUEM JTOBEPUTENBHBIX I'PaHHIL
U IByX YpOBHEH KOHTPOJIUPYEMOT'O MOKa3aTerIsl.

[pemmaraemerii noaxox Oeu1 odunuansHo npuniT B CCCP B 1987 romy u cooTBeTCTBYIOIIAS
MeToaMka Obuta BKiIOYeHa B craHgapT [1]. OnHako OH HE MPHUBJIEK BHUMAaHUE TEOPETUKOB U HE
YIOMHHAETCS B Kypcax JIEKIIUI 1 pyKoBOACTBaxX. [103TOMy aBTOPBI XOTAT NPHUBJIEYb BHUMAHHUE K 3TOMY
HOJIXOAY, OIMCAHHOMY B UX NPEABIAYIIUX CTaThsX [2, 3] u cripaBoyHUKE [4].

2. OBO3HAYEHMUA

0 HoKa3aTellb KauecTBa WK Ha/IeKHOCTH HEKOTOPOTo 00beKTa
Qo MPUEMOYHBIN YpOBEHb ()
0O OpaKOBOYHBIN ypOBEHb
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Hy Hynesas runoresa: Hy= {Q > Oy} UIsl TO3UTUBHOTO ToKa3zaTelns (4eM Ooibine 3HaueHue Q,
TEM BBIIIE KAa4eCTBO WJIM HAAEKHOCTH); Ho= {Q < Qp} AN HEraTUBHOTO TMOKa3zaTenis (4em
MEHbIIIEe 3HaYeHUEe (), TeM HIKE Ka4eCTBO W HAJIS)KHOCTH )

H, anpTepHaTUBHAsA runore3a: H) = {Q < 0} mnsg mo3utuBHOTO TIoKazarens; H; = {Q > O} s
HETaTHBHOTO MTOKA3aTelIs
(MpbI OyzieM paccMaTpuBaTh Jajee MO3UTUBHBIN TOKA3aTeh)

X JTAaHHbIE UCIIBITAHUIN

Xo 0071aCTh IPUHATHS

X 0071aCcTh OTKIIOHCHHUS

o (rutaHupyemblit) puck nocraBiumka: o = Pri{xeX, ; Ho}
B (Tutarupyemsblit) puck nmotpedurens: = Pri{xeXy; H;}

O+«(x,y) HIKHSS TOBEpUTENbHAsA rpanuia st O 1Mo JaHHBIM UCHIBITAHUN X C JIOBEPUTEIBHON
BEPOSITHOCTBIO Y

* ~ (3

O (x,y) BepxHss A0BepUTENIbHAs rpaHulia Juid O 10 JaHHBIM UCIIBITAHUH X C JJOBEPUTEIbHON
BEPOSITHOCTBIO Y

n - n

Pr(n,A) = z ¢

' dbyuknus pacupenenenus [lyaccona
n!

3. HABJIIOJAEMBIE PUCKHU B CJIYYAE OJHOCTYIHEHYATOI'O KOHTPOJISA
C IIPUMEHEHHMEM OINEHOYHOI'O HOPMATHUBA

B »TOM cnyuae MBI HCHOJB3yeM HEKOTOPYIO TECTOBYIO CTAaTUCTHKY S(x), SBISIONIYIOCS
byskmelr HaOmoneHuid, n oueHouHslii HopMaTuB C. IlycTe TecToBasi craructuka S(x) sBIseTCs
MO3UTUBHOH (deM OoIlbllle ee 3HAaueHHEe, TeM CHJIbHEE YBEPEHHOCTh B 0OJiee BHICOKOM KayeCcTBE WIIU
HAJIS)KHOCTU HCIBITHIBaEMOTro 00bekTa). HyneBas rumoresa H) NMpHHUMAETCS, T.€. MBI MPUXOJUM K
pEIIEHUI0, YTO OOBEKT COOTBETCTBYET TPEOOBAHMAM K KAuyeCTBY HJIM HaAEKHOCTH, korma S(x) > C.
['unoreza H, oTBepraercs, T.. Mbl TNPUXOJUM K pEIICHUIO, YTO OOBEKT HE COOTBETCTBYEM
TpeboBanusm, korga S(x) < C. Takum oOpazom,

XO:{x:S(x)ZC}, (1a)

Xlz{x:S(x)<C}. (1b)
Orcrona

a=Pr{S(x)<C;H,}, (2a)

,B:Pr{S(x)ZC;Hl}. (2b)
HaOnromaemblii pucK MOCTaBIIMKA a(x’) PU JAHHBIX MCIBITAHMI X ONPEIENSCTCS KK

BEPOSTHOCTh TOTO, YTO PE3YJIbTAT HCIBITAHUN IS 00BEKTa, MMEIOLIETO 3HAYeHHE IMOKa3aTells He
*
MmeHee (Jy, OyIeT He JTydIle, YeM X .
o s, o *
HaGmrogaemsrii puck motpeburens f(x ) TpU NaHHBIX HCHBITAHUA X ONpPENesseTcs Kak

BEPOSATHOCTh TOTO, YTO PE3YyJIbTAT HMCIBITAHUN 51 00BEKTa, MMEIOIIETO 3HAueHHE MOoKa3aTels He
*
6onee Q;, OyneT He XyKe, YEM X .
[TosTomy
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oAt(x*)zPr{S(x)SS(x*);HO}, (3a)
B =PriS(x) > S(x");H,}. (3b)

Takum 00pa3om, NMpH ONpeAeTIeHUN HaOII0JaeMBbIX PUCKOB MbI HMCIOJB3YEeM CaMoO 3HAueHHE
TECTOBOW CTaTHUCTUKH, a HE TOJIBKO TOT (DaKT, 4TO OHO OOJIbILIE MJIM MEHBIIIE OLIEHOYHOT0 HopMaTHBa C
[cpaBHuTE (3a,b) ¢ (2a,b)].

Teopernueckn HaOIIOAaeMbIi PUCK COOTBETCTBYET HaOII0Ja€MOMY YPOBHIO 3HAUYMMOCTH B
MaTEeMaTHICCKOM CTaTHCTHUKE [5].

O06a HaOm01aeMBIX PHCKAa MOTYT OBITH ONPEIEIeHBI TPH 000UX MCXO0/1aX MCIIBITAaHUH (TIpueMKa
u OpakoBka). Eciin Mbl XOTUM ypaBHSTH IJIaHUpYyEMbIe PUCKHU MOCTaBINMKA U ToTpeduTens (o = f3),
BBIIICYNIOMSHYTOE TIPAaBWJIO TpPUHATHS pemieHuit [cooTBercTByromiee (la,b)] Moxer ObITh
chOopMyIHpOBaHO Takke 0€3 MCIOJIb30BaHUS OLEHOYHOro HopmaruBa C Ha OCHOBE CpPaBHEHHMS
HaOJII01aeMbIX PUCKOB:

a>p — IIPHEMKa, a<p — OpakoBKa
(cm. mpumep 1 um Teopembl 3 u 4 Hwke). VHbIME cjoBamMH, MBI TPUHUMAeM peEIICHUE,
COOTBETCTBYIOIIEE MEHBIIIEMY M3 HA0JII01aeMBIX PUCKOB.

Mpumep 1

PaccMoTpuM MpHEMOYHBIH KOHTPOJIB MO ajlbTEPHATUBHOMY MPU3HAKY U IyCTh MPHUEMOYHBIN U
OpakoBOYHBIH YypoBHU JedekTHOCTH cocTaBisitor  ¢go=0,05 u ¢;=0,15 COOTBETCTBEHHO.
[Tpenmnonoxxum, 4To pacrpeneneHrue ynciaa 1eeKTHBIX H3ACTUH d SIBISETCS ITyaCCOHOBCKUM:

Pr{d = n;q} =exp(-Ng)(Nq)" /n!,
rae N — 00beM BEIOOPKH, ¢ — UICTUHHBIA YPOBEHB AC(PEKTHOCTH.

Ecmu N =40, npuemounoe uucio Ac = 3, 6pakoBounoe ynciio Re=Ac+1=4, o a =0,143 u
B=0,151.

v * v
HaGmonaembrit puck mnocraBuka & mnpu Hamuuuu d  JOEPEKTHBIX HM3JCIHA B BBIOOPKE
*
OTIpe/ICTISIETCS, KaK BEPOSITHOCTh TOJYYUTh TPU YPOBHE NEPEKTHOCTH ¢o HE MeHee d JeEeKTHBIX
U3JICNIUN B BRIOOPKE.
~ > o ~
HabGmomaemblii puck mnotpebutens [ mnpu Hanuuuu d JOeEKTHBIX H3JIENHiA B BBIOOpKE

K
OIpeieNsieTcs, KaK BEPOSTHOCTh MOJYYHTh TPH YpoBHE JedekTHOCTH ¢ He Ooinee d nedexTHhIX
U3JICNIUN B BRIOOPKE.
ITosToMy

a=1-Pr(d —1,Ng,), B=Pr(d",Ng,).

B 1abm. 1 moka3aHbl Ha6J’IIO,Z[aeMBIe PUCKH IJI 3TOTO IIpuMepa.
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Ta6umua 1. HaGmromaemsie prcku 1yist mpumepa 1

d 0 1 2 3 4 5 6 7 8

1,000 | 0865 | 0594 | 0323 | 0,143 | 0053 | 0017 | 0,005 | 0001

R

0,002 | 0,017 | 0,062 0,151 0,285 | 0446 | 0,606 | 0,744 | 0,847

)

~

Habnromaemplii puck mnocraBmuka ¢ paBeH IIaHUPYEeMOMY pPHCKY MOCTaBIIMKA O MpU
* ~
d =Re=4 (Re — MuHUManbHOE 4YUCIIO JNE(EKTHBIX W3JENUM, MPU KOTOPOM MapTus Opakyercs); ¢

%
poctoMm d BenuunHa & ObICTPO yOBIBACT.

~

HaGmomaemplii puck morpebutenss [ paBeH IUIAaHUPYEMOMY pPHCKY MOTpeOuTens mpu

~

* v
d = Ac =3 (Ac — MakCcUMaTbHOE YUCIIO ACPEKTHBIX U3ACIUH, IPH KOTOPOM MapTHs IPUHUMAETCA); [
k
OBICTPO yOBIBAET C YMEHBIIIEHUEM d .

4. OCHOBHBIE CBOVICTBA HABJIIOJAEMBIX PUCKOB

* ~ * * ~ *
Teopema 1. Eciin x € X, 10 a(x )<a ;ecmn x € X, 0 B(x )< .
Jloka3zaTenbCTBO (MBI NPHUBOAMM JIOKA3aTEIIbCTBA TOJIBKO JUIS OJHOTO W3 PUCKOB, IS
JIPYrOro OHU aHAJIOTUYHBI):

Hycts x e€X,. Wz (Ib) S(&x)<C nu {x :S(x) < S(x*)} c {x :S(x)< C} , TI03TOMY
Pr{S(x)<S(x")} <Pr{S(x)<C}.
Otcrona ¢ yuetom (3a) u (2a) mosrydum oAz(x*) <{a.

Teopema 2. sup oAc(x) =a, sup ﬁ(x) =p0.

xeX, xeX,

* *
HoxkazatenbcTBOo. Ilycts o =supS(x). Eciu cymectByer x € X, Takoe, uto S(x )=«
xeX;

10 X, ={x:S(x) <SG} n a=Pr{X;H,} =Pr{S(x)<S(); H,} =a(x).
Eciu Taxoro X* HE CYHICCTBYCT, TO HaﬁHeTCH IIOCJICAOBATCIIBHOCTL X, EXl TakKas, 4YTO

S(x,) T . Torma mocinenoBaTenbHOCT MHOXKECTB X, = {x :S(x) < S(x, )} Bospactaetr 1 UX =X,
OTKy/1a Pr{X'n} — Pr{X,}.
Tostomy a(x,) = Pr{X'n;HO} —>Pr{X;H}=a.
Teopema 3. Tlycts o = 3. Torna B(x")<a(x’) s x € X,, a(x)<B(x)ws x" e X,.
JlokasatenbcTBo. Ecm x € X, 10 S(x')>C u
B(x)< f=a=Pr{S(x)< C:H,} <Pr{S(x)<S(x"):H,} =a(x").

Teopema 4. I[Tycts o = . Ecnu ﬁ(x*) < gc(x*) ,T0 X € X,; eciu oAc(x*) < 2(x*) ,T0 X €X,.
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* -~ * ~ *
HokazatenbcTBo. Ilpennonoxkenne o toM, uro x €X,, xorma f(x )<a(x ), Bueder

IPOTHBOPEUHE, HOTOMY uTO B 3ToM ciydae a(x )< f(x) <a(x’). CnenosaTensho, x € X, 0

5. KOHTPOJIb C UCIIOJIb3OBAHUEM JOBEPUTEJIBHBIX I'PAHMIL

[IpaBumo mMpuHATHS pEIIeHUH B ciydae KOHTPOJS C MCIOJIb30BAaHUEM JOBEPUTEIBHBIX TPAHUIL
TakoBo [2, 4, 6]:

0.(x,1-5)20,, O (x,1-ax) >0, — npuemKa; (4a)
0.(x,1-B)<Q,, O’ (x,1-a)<Q, — 6pakoBKa. (4b)

[Tpu HEKOTOPBIX €CTECTBEHHBIX OIpAaHMYEHUSX OOBEM HCIBITAHUN MOXKET ObITh BBHIOpaH Tak,
9TOOBI 00ECTIEUNTh BHITIOJHEHHE OJIHOTO U3 ATUX JIBYX YCIOBHIA IPUEMKH WU OpakoBKH [2, 4, 6].

OOBIYHO JTOBEPUTETHHBIC TPAHUIIBI CTPOSTCS HAa OCHOBE HEKOTOPOW cTaTHUCTHKHU &(x) [6] Tak,
9TO

0" (x,7) = A(E(x), 1), Ou(x,7) = B(&(x),7),

rae A(.,.) u B(.,.) — HekoTopbie PyHKIUHU. B 3T0ii cutyarmu pemaroree npasuio (4a,b) ’KBUBaJICHTHO
pemiaronieMy Impasuiy, coorBercTByomemy (lab) ¢ S(x)=~&(x) M HEKOTOPBIM  OILICHOYHBIM

HopmatusoMm C [6].

~ *
B citydae KOHTpOJISI ¢ MCIIOJIB30BAaHUEM JIOBEPUTEIBHBIX IPAHUI] HA0JI0JaeMble pUCKU /(X ) U

S(x") onpenensrorcs U3 ypaBHEHHH

(' 1-a)=0,, (5a)
0.(x",1-B)=0,. (5b)

B HexoTOphIX ciy4asx o0bEM HCIBITAHUIM 3aBUCHT OT BHEIIHMX OOCTOSATENbCTB. Hampumep,
MPOJIOJDKUTEIIBHOCTD KCIUTYaTAIIMOHHBIX UCIIBITAHUI YacTO paBHA CTaHJIAPTHOMY IEPUOJY BPEMEHH:
MecsIly, KBapTaily, Toay. B 3THX ciydasx HEBO3MOXKHO 3apaHee CIUIAaHUPOBATh UCTIBITAHHS TaK, YTOOBI
obecnieunTh TpeOyeMble PUCKHU 0L M [3, TO3TOMY KOHTPOJIb C MIOMOIIBIO JIOBEPUTENIBHBIX TPAHHIl OYCHb
yao0eH.

[Tocrne mody4deHHs BCEX BO3MOXHBIX JTaHHBIX X MbI ONPEACISEM JIOBEPUTEIIBHBIC T'PaHHUIIBI

Q (x,7,) u Q.(x,7,) Tak, 4TOOBI YI0BIETBOPUTE OJHOMY M3 CJIEIYIOIMX YCIIOBHII:

0" (x,7) >0y Ou(x,7,) =0, (6a)
O.(x,7,) <0, Q*(xa71):Q0- (6b)

OT0 MOXeT OBbIThb JOCTUTHYTO 32 CUET COOTBETCTBYIOIIEro BbIOOpa 3HAUEHUH Y U Y2 NpHU
HEKOTOPOM 3apaHee 3aJJaHHOM COOTHOIIIEHUH MEXIy HUMHU (MOXXHO PEKOMEHI0BATh, YTOOBI Y| = V2).
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B ciyudae (6a) npuHUMaeTcs pelleHue O MPUEMKe C PUCKOM norpedutens f=1-y,, B ciydae

(6b) mpuHKMMaeTcs perieHre 0 OpakoBKe ¢ PUCKOM IOCTaBIIUKa & =1—7,.

IMpumep 2

PaccmoTrpum  00BEKT, IS KOTOPOTO TIO JAaHHBIM JKCIUTyaTallMOHHBIX  HMCIBITAaHUN
OCYIIECTBIISIETCS KOHTPOJb CpeaHeil HapaOOTku Ha oTKa3. Ee mpuemMo4HbI U OpakOBOYHBIN ypOBHH
paBasl 7o u T =0,5-Tp coorBeTcTBeHHO. [IpOMOIKUTENHHOCTh HMCIBITAHUN OrpaHWYEHA M paBHA
t =4T,. Ilycts Bpemst 6e30TKa3HON pabOThI UMEET HKCIIOHEHITHAIBHOE pachpeneneHue. B atom cimydae
HeJlb3s TapaHTUpPOBATh IUTAHWpYyeMble pUCKH o U [ Menpmue, 4yem 0,2. Takue pucku He
YAOBJIETBOPSIIOT HU MOCTABINMKA, HU MOTpeOuTens. TeM He MeHee, UCTIBITaHUs ObUTH MPOBEACHBI U UX
JAaHHBIE COOpaHBbI.

JloBepuTenbHBIC TPAHUIIBI ISl CPeTHEH HapaOOTKU Ha OTKa3 PaBHEI [4]:

T.=t/A,, (r), T =t/A, (r-1),

rze ¢ =47y — NpOAOIIKUTENBHOCTh MCIIBITAHUH, /* — YHCIIO OTKA30B 32 9TO BpeMsA U A (1) — KBaHTHIIb

IyaCCOHOBCKOT'O paclpe/ielieHus, T.e. KopeHb ypaBHenust Pr(n, A (n)) =y .

Beibupas y; u y, Tak, 4ToOBI yHOBIETBOPUTH (06a) wiam (6b), MOTydyuM pe3yabTaThl,
IpUBEJIEHHbIE B Ta0IM. 2.

MaxkcumainbHbIe 3HAUYEHUS Ha6HIO,HaCMI)IX PUCKOB & H ﬂ PaBHbI 0,2, HO OHU COOTBECTCTBYIOT

TOJIBKO ciiy4asiM » =35 u r= 6. Jlyia Apyrux pe3ysibTaToB HCHBbITAHUN HAOII0JaeMble PUCKH MEHBIIIE,
yem 0,2. [Toatomy, eciu, HapUMeEp, YUCIO OTKA30B 7 =2, TO 00BEKT OyNeT MPUHAT ¢ HAOIIOAaeMbIM

puckoMm £ = 0,015, u noTpedbUTETH MOKET HE OMACATHCS, YTO €r0 PUCK CIMILIKOM BEJHUK.

Tabauua 2. Perienust 1 pucku Juis npumepa 2

HabGnronaemplii puck:
Pemenne ~ ﬁ
O i IpUeMKH, 1 OpaKOBKH

<0,001
0,005
0,015
0,05
0,10
0,20
0,20
0,13
0,05

Yucio
OTKa30B

[Ipuemxa

BpakoBka

03N b~ W —O
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6. SAK/IIOYEHUE

ABTOpaM TPEACTABISIETCSA, YTO C TEOPETUYECKOW TOUKH 3PEHHS 3HAUCHHE MPEIUIOKEHHOTO
MOJIX0/1a COCTOHT B CIIC/TYFOIIIEM:

* [Ipobnema OIICHKM MOTPENIHOCTH SKCIIEPUMEHTA MPU CTATUCTUYECKOM KOHTPOJIE peIIaeTcs
€CTEeCTBEHHBIM 00pa3oM, T.€. OCJIE 3aBEPIICHHS UCTIBITAHUHN C YyYETOM UX Pe3yJbTaTOB. DTO pelieHHe
CTOMT BKJIIOYHTH B YUYEOHMKH, CIPABOYHHMKH, CTAaHAAPTHI M T.II. C TE€M, 4YTOOBI JOINOJHUTH
TPaAULIHUOHHBINA TOIXO0/1, UCTIOJIB3YIOLIUH TOJIBKO TUITAHUPYEMbIE PUCKH.

* JlaBHO TIOCTaBJICHHBII BOMpPOC, KaK MOTYT OBITh MCIIOJIb30BaHbI JIOBEPUTENbHBIC TPAaHUIIbI
MpU CTAaTUCTUYECKOM KOHTposie (T.€. O CBSI3M MEXIy ONpPENEIUTEIbHBIMU M KOHTPOJbHBIMU
WCTIBITAHUSIMU ), PEIICH YISl CIydas KOHTPOJIS KayeCcTBa WM HA/ICKHOCTH 110 JIBYM YPOBHSIM.

B npakTuueckoM OTHOIIEHMHM 3HAYE€HHE MPEUIOKEHHOTO MOJXO0Ja Pa3iudaeTcs B Clydasx
HaJU4Msl WIM OTCYTCTBUS MPEIBAPUTEIBHOTO IUIAHUPOBAHUS HCHbITaHU. B mepBoM ciyuae, koraa
00BbeM HAOIIOCHNUH PaBeH 3aIIAaHUPOBAHHOMY, ATOT TOIXO0/1 TIO3BOJISIET:

* Omnpenenuth HAOIIOAaEMbIE PUCKU U YTOYHUTH (DAKTUYECKYIO YBEPEHHOCTh B IPABUIBHOCTH
MPUHUMAEMBIX PEIICHUN.

* KoHTponaupoBaTh KaueCcTBO MU HAJIE)KHOCTb, HEMIOCPEICTBEHHO HUCIOJB3YI0 JOBEPUTEIbHbBIE
TPaHUIIBI CaMOTO MPOBEPSIEMOro TOKa3aTess, a HE KOCBEHHbIE XapaKTEPUCTHUKH, CBSI3aHHBIE C 3TUM
nokaszatesieM (YMCI0 OTKa3oB, JAE(MEKTHBIX W3JENHA M T.I.). DTO TO3BOJSET KOHTPOJIHUPOBATH
KOMIUICKCHBIC TOKa3aTelld, Takue Kak KO3(PQPHUIMEHT TOTOBHOCTH M KOIPPHUIMEHT COXpaHCHHS
3G HEKTUBHOCTH.

* BBectu B pe3yibTaThl HCHBITAHUNW HEKOTOPYIO KOJMYECTBEHHYIO OIIEHKY KauecTBa,
HalpuMep, paslesss NMPUHATbIE U3JENHUS MO YPOBHSAM KadecTBa B COOTBETCTBUU CO 3HAUYCHHUSAMHU
HaAOII0JaeMbIX PHCKOB, 3a()MKCHPOBAHHBIX MIPH UCTIBITAHUSIX COOTBETCTBYIOIINX HMApTHIA.

Bo BTOpOM cityuae KpomMe OTMEUYEHHBIX BBIIIE CYNIECTBYET €IlIe OJHO BaKHOE MPEUMYIIECTBO:
HECMOTpSI Ha OTCYTCTBHUE IPEIBAPUTEIHHOTO TUIAHUPOBAHMS MCIIBITAHNHN, BO3MOXKHO MPHUHATH PELICHUE
0 COOTBETCTBUM WJIM HECOOTBETCTBUM OOBEKTA 33/JaHHBIM TPEOOBAHMSIM, HCIIOJIb3YSl BCE IOIyYEHHbIE
CTaTHUCTUYECKUE JIaHHBIE U YKa3bIBasi HAOIIIOaeMble PUCKH.

JIMTEPATYPA
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PESEPBUPOBAHUE U BOCCTAHOBIJIEHUE
NMPUBOPOB B OTKPbITbIX CETAX
MACCOBOIO OBCNNYXUBAHUA

I'.III. IMuauamBuIIH,
M.A. OcunoBa

4
Bnaousocmok, Poccus

B pabGore paccMarpuBaroTCS OTKPBITBIE CETH C HEHAJACKHBIMH OOCITYXKHBAIONIUMH TPHOOPAMH.
Brrancienne cTaiimoHapHOTO pacnpeiefieHuss TaKuX ceTel TpeOyeT perIeHrs TOCTaTOYHO CIIOKHOM
CHUCTEMbl JIMHEHHBIX anreOpamvyeckux YypaBHEHHH OOJNBIION pa3MEpHOCTH. 3agady  yIaloch
CYILLIECTBEHHO YIPOCTUTH 3a CUET BBEACHHUS CHEIMAJIbHOIO YNPAaBICHHUS MapIIPyTHBIMH MaTpUIAMU
CeTH.

CHavana OBUIM HCCIEIOBAaHbl CETH C MEHSIOUIMMCS MHOXECTBOM MpPHOOpPOB. 3aTreM MbI
NPEINOIOXKWINA, YTO KaXKIbI TPUOOP CETH MOMKET  BBIXOIUTh W3 CTPOSI U PEMOHTHPOBATHCS
HE3aBUCUMO M PACCMOTPEIH Pa3InYHbIC BAPUAHThI UX BOCCTaHOBJICHUS. OTNIMCaHHBIE B pa00OTE MOJICIH
HAXOJATCS HA CTBIKE TEOPUU MACCOBOTO OOCITY>KUBAHUS M TCOPUU HAJIC)KHOCTH.

OTKpLITLIe CE€TU C MCHAKIIIUMCH MHOKECTBOM l'[pPlﬁOpOB.

Paccmotpum otkpeiTyto ceth G [1, §2] ¢ MyacCOHOBCKMM BXOHBIM ITOTOKOM WHTCHCUBHOCTH A
u [ ysmamu. Kaxnpli y3en COCTOMT M3 OJHOTO NpuOOpa C AKCIIOHEHIMAIBHO pPacHpeaeIeHHBIM
BpEMEHEM OOCITyKMBAHUS HA HEM C IApaMeTpoM L, , k =1,...,/ . BXOHO! NOTOK 3asBOK IOCTYIAEeT B

CCThb M3 y3Jla C HOMCPOM 0 (BHCHIHI/Iﬁ I/ICTO‘IHI/IK) 1 B OTOT K€ y3€JI 3asABKH YXOIAT U3 CCTU.
O6o3HaunM S MHOXKECTBO BCEX IIOAMHOXKCCTB (C YHOOPpSAAOUYCHHBIMUA 110 BO3PACTAHUIO

3JIEMEHTaMH) MHO>KECTBA {1,...,1}. 3adurcupyem s €S ¥ NPEaNOTIOKUM, YTO MEPEMEIICHUE 3asSBOK
MPOUCXOUT TOJBKO MKy y37aaMu MHOKecTBa s J {O} ,  3asIBKU, HAXOSIINECS B OCTAIBHBIX Yy3IIax,
HUKyJa He JBUTAlOTCs. JlMHaMUKa NepeMenieHUs 3asBKH B S-OM COCTOSHHM CETH 3aJaeTcs
0. (s :

v ( ) i, jesU{0}
Vi, jesU{0} Ji,....i, €sU{0}:6; >0,6,, >0,...,0, . >0.

HEPA3JI0KMMOIi MapIIPYTHO! Matpuuei O (s) = ‘

ITycTb npu 3afaHHbIX A,,...,4;,0 <A < g;, 1<i <[, MapupyTHbIE MaTPHILIBI @(s) YIOOBJIETBOPSIOT
YCIOBHSIM

(xl,li,ies)z(/l,/ii,ies)@(s), seS,s+0. (1)
[Ipu s =0 3asBKM BXOJHOTO TOTOKA B y3JIbI CETH HE IMOCTYIAIOT, a 3asABKH, HAXOMISIIHECS B y3Jax
CeTH, HUKY/Ia He JBUTAIOTCS M HE 00CITY KHBAIOTCS.

4 . .
guram@iam.dvo.ru, maol975@list.ru 690041, Bnagusoctok, yin. Paguo 7, Unctutyt npuknaanoi marematuku [BO PAH
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3adukcupyem A(s) >0, ses, X A(s) =1, W TPeANoSOKUM, YTO MaTpuIla HV(S’S*)
seS

HEPaA3JIOKKMa U BBIITOJIHAIOTCA COOTHOIICHUSA

A(s) ZSV(S,S*)= ;SA(S*)V(S*,S).

*
s,s €S

O6o3naunm Y = {n =(ny,emy)imy 20,.,m; > O} , @ e;- [ -MepHbIii BEKTOp, y KOTOPOTO ; -ast

KOMIIOHEHTa paBHa 1, a octanbubie 0.

Cetrp G ¢ MEHSIONMIUMCS MHOKECTBOM Y3JIOB (MIPUOOPOB) OMHUIIIEM MaPKOBCKUM

npoueCCOMx(t) = (s(t), y(¢)) (s(t) xapakTepu3yeT MHOKECTBO pabOYHX Y3JIOB, a }() —4UCIIO 3asIBOK B

y3J71aX CETH) C MHOXKECTBOM COCTOSTHUN X = S XY U nepexoaHbIMi MHTEHCUBHOCTAMU ( [ (A) -
WHIUKaTOpHas QyHKIHS cOObITUS A )

A((S,n),(s*,n*)) =y, (n,n*)l(s :s*)+v(s,s*)1(n = n*).

Bnecb mig s€S, sz,

A6y, (s),n* =n+e; kes,
s (n,n*) = min (n,1) 4,00 (s).n" =n—e; ke, (2)
min(nk,l),u,ﬁkj (s),n* =n-e; +ej,k¢j,k,jes,

Uy, (n,n*) =0,s = 0. [Iponecc x(t) aprojauueckuii [2, §4] u ero crarimoHapHoOe pacipesiereHue

HMEET BU]]
H(S,n):A(s)ﬁ(n),(S,n)eX, 3)
l n; l
_ A m
== C ! -+ [} Y’ C = : .
71'(11) iljl(,uij " il:ll[ﬂi _/11}

3ameuanue 1. Eciu A, =A<y, 1<i<l, momozoa npouszeonvHvie cummempuirvle MapuipymHule
mampuyl @(s),s € S, yoosnemeopsiom coomuoutenuam (1).

B xauecTBe mpumepa paccCMOTPHUM OTKPBITYIO CETh C ABYMsI y3J1aMH, MapIIpyTHON MaTpulei O, B
KOTOPOM JHMAarOHAJIbHBIE JJIEMEHTHI HYJIEBBIE, a OCTAJIbHBIE PABHBI 2, NMHTEHCHBHOCTBIO BXOIHOTO
NOTOKa A ¥ WHTCHCHBHOCTSAMU OOCIYXWBaHMS [, [,. PaccmarpuBaemass ceTb C JBYMs

paboratomumu ipudopamu (s={1,2}) nzodpaxena Ha puc. 1.
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()
1/2

LN 12| |12

1/2 N
()=

Puc. 1. Otkpeitas cets B ciyyae s={1,2}.

IIpenronoxum Teneps, 4To TOIBKO HepBblil Iprdop paboraer. Torga s={1} u 6,=1 w1 i=0, j=1 u

1=1, j=0, B ocTanbHbIX ciydasx 6, =0.

L YT
O

Puc. 2. OtkpeoiTas ceth B ciiydae s={1}.

AHaJOTUYHO OMHUCHIBAeTCA ciiydaid s={2}, Kkorjaa paboTaeT TOJIbKO BTOPOM MPUOOP.

0
TN

Puc. 3. OtkpeiTas ceTh B ciyyae s={2}.

[Tocnexnuii BapuanT — 3T0O Koraa 06a mpubopa He paboTaroT u s= Q.

O O

Puc. 4. Otkpsitas ceTh B ciyyae s= Q.

Teneps ompeneiarM OTKa3bl MW BOCCTAHOBJICHUS MPHOOPOB: OTKPBITASl CETh C MEHSIOUIMMCS
MHOXECTBOM y310B S={0, {1}, {2}, {1,2}} ¥ BOBMOXHBIMH MEPEXOJJaMH MEXKIYy COCTOSHUSIMHU CETH S,

* *
se€S (ctpenoukamm 0003HAYEHBI 3a/JaHHBIC IEPEXOTHBIC WHTCHCUBHOCTH V(S,S ), s,s €585),

n300pakeHa Ha puc. 5.
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i S g
: N
1y 2 4]

Puc. 5. Cetb ¢ MEHSIOIIMMCS MHOXKECTBOM Y3JIOB.

®opmyna (3) maeT mpeneapbHOE pachpeneiieHHe pPAacCMOTPEHHOW CeTH C  MEHSIOMEHCs
CTpyKTypoil. PucynHkm 1-5 moka3pIBalOT, 4TO Jake€ B MPOCTEHUINEM Ciydae OINHCAHUE CETU C
OTKa3bpIBAIOIIMMH W  BOCCTAaHABIMBAIOUIMMHCA NPUOOpaMH  JOCTATOYHO TPOMO3IKO. YTOOBI
paccMOTpeTh pe3epBUpPOBAHHE MPHOOPOB, HEOOXOAMMO HCCIIEOBAaTh 0o0Jiee CIIOXKHYIO CXEMY.
Crenyromuii pasjiesn MocBsIIeH PEelIeHUI0 3TOM 3a/1a4u.

OTKleTaﬂ CE€Thb C pe3¢pBUPOBAHUEM H BOCCTAHOBJICHUEM npuﬁopOB.

PaCCMOTpI/I 3aMKHYTYIO CCTb Gk C OJHUM pa60‘H/IM MECTOM, OAHHM PCEMOHTHBIM MCCTOM H
my, 3as1BKaMU. 3asaBKH nepeMeuiaroTCAa Mo MapuipyTy: pa6oqa51 4YaCTb — PCMOHTHAad 4aCTb U 06paTHO.

Pabouast (peMOHTHasi) 4acTh COCTOMT W3 OdYepeAu Tmepea padoynuM (PEMOHTHBIM) MECTOM U U3
pabouero (peMoHTHOro) MecTa. KaxkJas 3asBKa BBIXOAMUT U3 CTPOSl C HHTEHCUBHOCTBIO ¢/, Ha pabodyeM

MECTE U PEMOHTUPYETCS C MHTEHCHBHOCTBIO [3, Ha PEMOHTHOM MecTe. Torjaa BpeMs 0OCITy KUBaHUS

Ha pabodyeM (PEeMOHTHOM) MECTE€ MOYKHO WHTEPIIPETUPOBATH Kak BpeMsl pabOThl (PEMOHTA) 3asBKH, a
3aMKHYTYI0 CETh MOJKHO pacCMaTpuBaTh KaK CHCTeMy pesepBHpoBaHHMs  (eciu  m,>1) ¢

BOCCTAHOBJICHUEM.
Omnuiem umcao 3asgBOK B paboueil yactu cet () OSProAMYecKMM JHCKPETHBIM MapKOBCKHM

TPOLIECCOM J, (f) C MHOKECTBOM COCTOSIHMIL ¥, ={/i; : 0 <7, <my |, IepPexXOHBIMU HHTEHCHBHOCTSMH
U IPEJIEIbHBIM PACIIPENEICHUEM

nl my, iy
_ B B
P (7 )=C, OTI; aCklzﬁz,O af '
=

3ameuanue 2. [lepexoonvle UHMEHCUBHOCU [, ONUCHIBAIOM CUCMEMY C HEHA2PYICEHHbIM Pe3ePEOM.
Hns cucmemvl ¢ nazpyoicennvim pesepeom [3] npoyecc y, (t) umeem nepexoOHvie UHMEHCUBHOCHIU
P (s iy =V) = iy, 7y (i +1) = By (my =7y ), 0 <7 <y,

u npeodenvroe pacnpeoeieHue

ﬁ 7y, 1 my ﬁ iy
~ -1
Pk(nk):Ck o — G =2 Ck .
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Paccmorpum [ cereit G, 1<k </, paboTalolluX HE3aBUCHMO, M OIMIIEM HMX MapKOBCKHM

mpoiieccoM )(¢) ¢ mepexoHbIMA HHTEHCUBHOCTSIMHU
I

P(a")= 2 7 (77 ). )

MHOYKECTBOM COCTOSIHMI Y = {ﬁ = (71}, fiy) iy €Y, 1<k <1 } ¥ [PEJIETBHBIM PACTIPEIEIEHHEM
I

P(i)= 1 7 (). (5)

[Ipenmnonoxxum, uTo k—b1ii ipuOOp ceT G MOXKET BBIMTU U3 CTPOSI U BOCCTAHOBUTHCS KakK 3asBKa
B 3aMKHYTOH ceTu Gk, 1<k <I. Tormga OTKpPHITYIO CE€Th C HE3aBUCHMBIM BBIXOJIOM U3 CTpPOS U
BOCCTAHOBJIEHHEM IMPUOOPOB B KAXKJOM Y3JI€ MOXKHO ONMCATh TUCKPETHBIM MAapKOBCKHUM IIPOLIECCOM
( 7(t). y(t)) C MHOYKECTBOM COCTOSIHHI Y X ¥ M MepexoaHbIMU HHTEHCUBHOCTSIMH

A((ﬁ,n),(ﬁ*,n*)) =y (o)1 (=" )+ 7 (A" ) 1 (n=n"). (6)
3nech ]7(ﬁ,ﬁ*) BBIUUCIISIIOTCS 110 popmynam (4), a V(i) (n,n*) - o popmynam (2), rae
s(ﬁ)z{k:ﬁk>0,lﬁk£l}. (7)

Ecnu cootHonrerus (1) BBIMONHAIOTCS, TO TPOLECC ( 7(1). y(t)) SProJMYECcKUil ¥ aHAIOTHIHO (3) ero
npenenbHoe pactpenencune umeet Bua P(i) 7 (n), (fi,n)e Y xY .

3ameuanne 3. Qopmyisl (4), (5) onucvisarom He3a8UCUMDBLUI B8bIXOO U3 CMPOsL U BOCCMAHOBIEHUE 8
samxnymoix cemax G, 1<k <1, npubopos cemu G. Ho 3amkuymuie cemu MOINCHO 0OLeOUHUMD 6

06wyio samxnymyio cems G ¢ | pabouumu yznamu (Mecmamu), pUKCUPOBAHHBIM YUCTOM PEMOHNHBIX
V3108 (Mecm) U NPOU3BONbHOU HEPA3N0HCUMOU MapupymHuou mampuyei. [Iycms uucno 3aa60K 60 6cex
y3nax (e monvko & pabouux) max onpedenennoii cemu G ONUCLIBAEMCS HEKOMOPLIM P2OOULECKUM
MAPKOBCKUM  NPOYECCOM )7(t)c MHOdICECMBOM cocmosnuil Y, nepexoOHbiMu UHMEHCUBHOCAMU

77(ﬁ,ﬁ*) u npedenvnbiv  pacnpedenenuen P(i). Tozda mapkosckuii npoyecc ( 7(t). y(t)) c
NepexoOHbIMU  UHMEHCUBHOCMAMU (6), (7) umeem npedenvhnoe pacnpeoeneHue P(ﬁ) /4 (n) ,

(,n)eYxY.

PabGota BemosHena npu noaaepxkke PODU, npoextr 06-01-00063-a u JlanbHEBOCTOUHOTO
otaenenust PAH, npoekt 06-111-A-01-016.
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O HAOEXHOCTU CUCTEM
C BbICTPbIM BOCCTAHOBJIIEHUEM

SxosB I'ennc

Borough of Manhattan Community College
City University of New York, USA
ygenis@bmcc.cuny.edu

PaccmarpuBaroTcsi BOCCTaHABIUBAEMbIE PE3EPBHPOBAHHBIE CUCTEMBI C OBICTPBHIM BOCCTAHOBJICHHEM.
[Toka3zaHO KOTJa MOXXHO OIICHMBATh MOKa3aTeNd HMX OE30TKA3HOCTH M PEMOHTOIPHTOIHOCTU C
WCTOJB30BAaHMEM METO/Ia MOHOTOHHBIX TpaekTtopuil. IlomyuyeHsl oOmme OIEHKH TOKa3aTesen
HAJEKHOCTH 3THX CUCTEM B CTAllMOHAPDHOM M HECTAMOHAPHOM pEXUMAX HX HCIOJIb30BAHHUA.
[IpuBeneH npuMep UCHOIB30BaHUS 3TUX OLEHOK /I pacuyeTa HaJeKHOCTH KOHKPETHOW CUCTEMBI.

1. BBenenue

DOra cratess sBiseTcss OOOOIICHWEM HCCICIOBAHMKA  BBITIOJHEHHBIX aBTOPOM B OOJIACTH
ACUMIITOTHYECKAX METOJIOB OLEHKM HAJICKHOCTH 3a IMocieaHue 25 yer. Pe3ynbTaThl McciaenoBaHHMA
ObUTH OOJIBIIEH YaCThIO OMyOIMKOBaHKI B [1-5].

[lepBble pabOTHl MO aCHMOTOTHYECKOW OIEHKE IMOKaszaTeleld HaJleKHOCTH IyOJMPOBAHHBIX CHUCTEM
npuHaexar b.B.I'nenenko [6-7]. 3atem mosBuiack menas cepus pador W.H.Kosanenko [14-18] u
A.JI.ConoBbeBa [9-12], MOCBSIIEHHBIX aCUMIITOTUYECKOMY aHAU3Y HAaJCKHOCTH BOCCTAHABIMBAEMBIX
CUCTEM MPAKTUYECKU NMPOU3BOJIBHON CTPYKTYphl. DTO HANpPaBJIEHNUE 0KA3aJI0Ch BECbMa IUIOJOTBOPHBIM
Y TPUBENO K (OPMUPOBAHHIO CAMOCTOSTENILHON BETBH TEOPUHU HANESKHOCTH. B nanbHeiieM B 3TOM
HaIpaBJICHUH MOTy4YeHbl nHTEpecHbIe pe3ynbTaThl B.C. Kopomtokom nu A.®.Typounsim [19-20].

[TapannenbHo ¢ pa3BUTUEM aHATUTUYECKUX METOJOB MCCIIEA0BAaHUsS HAJEKHOCTH BOCCTaHABINBAEMbIX
cucteM eme B 60-x rogax nosBWIMCh U nepBble pa®oThl M.A.VmakoBa [21-22] mo 3BpUCTHYECKUM
METOJaM pacdeTa IOKa3aTelled HaJeXKHOCTH CHCTEM C BOCCTaHOBJIEHHMEM. B »3ToM mnoaxoze
KOHCTPYKTHBHO UCIIOJIb30BaJIaCh NpeeabHas TeopeMa Penbu [24] 0 pa3peskeHuu ciry4ailHOro noToKa.

[Tomyuenune NBYCTOPOHHUX CXOJSIIMXCS APYT K APYTY OLIEHOK MOKa3aTeNell HaleKHOCTH MO3BOJIHIIO
OTIPEICTIUTH MOTPEIIHOCTh ACUMITOTHYECKHX OLIEHOK. [IepBbie pabOTBHl B 3TOM HampaBiICHUU OBLIH
BbinosHeHbI A./[.ConoBbeBbiM [11-12] nns pacnpeneneHusi BpeMEHH JI0 IEPBOTO OTKa3a CUCTEMbI MPH
CTallMOHAPHOM PEXHUME €€ HUCIIOJIb30BaHMUS. YTOYHEHHE ATHX OlleHOK jaaHo B.B.KamamHukoBbIM u
C.}O.BcexcBarckum [8], 4TO ¢ TOYHOCTBIO JI0 BTOPOTO MOPSAKAa MaJIOCTH COBIAJIO C IMOJTYUYECHHBIMU
paHee pesyinbTaTamu [6] ans Oojee HIMPOKOro Kjacca CHUCTEM, JIOMYCKAarOUIMX HECTaIl[MOHAPHBIM
PEKUM PabOTHI.

B [1-5] pemena 3amava OIEHKHW IOKa3aTelied HAIEKHOCTH CHCTEMBI B IMUPOKUX MPEIITOJIOKCHHUIX
OTHOCHUTEJIHLHO PEXXHUMa OOCTYKUBAHUS U HKCIUTyaTallud, KpUTEPUEB OTKA3a, XapaKTepa BBHITTOTHAEMBIX
CUCTeMOH (hYHKIMI, TUIIOB UCIOJIB3yEMOT0 PE3EPBUPOBAHMS, pACIpEACICHIs] BPEMEHN 0€30TKa3HOM
pabOThI 3JIEMEHTOB | T.]I.
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Wnest ananm3a BRICOKOHAICKHBIX CHCTEM 3aKIO4aeTcs B cieaytomeM. [Iponecc ¢pyHKIMOHUPOBAHHUS
T000H BOCCTAHABIMBAEMOM CHCTEMBI MOKHO CBECTH K JIbTEPHUPYIOIIEMY CIy4ailHOMY IpOIECCy, B
KOTOPOM HWHTEpBaJIbI, TJE€ BCE OJJIEMEHTHI CHUCTeMBbI pabotocrocoOHsr (MP), wepemyrorcs ¢
WHTEpBAJaMM, KOTJa B CHCTEME HMEIOTCS KaKue-TMOO OTKa3bl 3JIEMEHTOB, BO3MOXXHO U He
NpUBOASIIME K OTKa3y cucteMsbl. llociennue nHTEpBaIbl B MOJTHOM COOTBETCTBUHU C OOIIETIPHHATOM
TEPMUHOJIOTHEN MOKHO Ha3BaTh MHTepBajamu HeucnpaBHOcTH (MH). [loHsATHO, 9TO OTKa3 CHCTEMBI
MOXeET BO3HUKHYTH Jidilib Ha MH. Ecnu BepositHOCTh oTKaza cucrteMmbl Ha MH mana, To BO3MOXHO
UCIOJIb30BaHUE ACUMIITOTMYECKUX METOJOB. J[eHCTBUTENBHO, €ClIM Ha KaXJIOM LUKJE (O] LUKIOM
MOHUMAETCS JIBa MOCJIEIOBATEIbHBIX UHTEpPBaia paboTOCIOCOOHOCTH M HEUCIIPABHOCTH) BEPOSITHOCTD
MOSIBJICHUS] OTKa3a CUCTEMbl YCTPEMUTh K HYJNIO (YTO MPUBOAMT K YBEJIWYCHHUIO YHUCIA IUKIOB [0
OTKa3a M MEXIy OTKa3aMH CHUCTEMBbl), TO PacCHpelesIeHHe YHUCIa LUKIOB 10 TMOSBICHMSA LHUKIA C
OTKa30M OyJeT TeOMEeTPUYECKHM, a pPaCHpeesieHue CYyMMBI T€OMETPUYECKOrO YHCa CIydYailHBIX
BEJIMUMH C POCTOM YHWCIA ClIaraeMbiX (MPU COOTBETCTBYIOIIEH HOPMHUPOBKE) OYIET CTPEMHUTHCS K
AKCIIOHEHIUAIIBHOMY .

PaccMmoTpum cHauana ciygait, korma MH B cpemqnem muoro meneie MP. B atom ciydae ¢ GosbIoi
CTENEHBI0 TOYHOCTH pacCMaTpPUBAEMbIll AJIbTEPHUPYIOIIMA IPOLECC MOKHO 3aMEHUTh MPOCTHIM
MPOIIECCOM BOCCTaHOBJIEHUsI ¢ oOpasyromet ero pynkuueit pacnpenenenusi (OP), cooTBeTcTBYIOMIEH
@®P unTepBasia paborocnocooHocTu. [Ipu 3TOM HEUCIPABHOCTH CHUCTEMBI MOKET C HEKOTOPOW Mayon
BEPOSITHOCTHIO CTaTh OTKA30M CUCTEMBI, & C BEPOSITHOCTBIO, OJIM3KON K €MHUIIE, IPOUTH JIJIsi CUCTEMBI
He3aMe4YeHHOW. VHbIMH CclioBamMH, HaONIOAeTCsl THIHWYHAs KapTUHA Pa3peXeHHs CIydaiiHOTO
npouecca. [lo teopeme Penbu [24] nmpuMeHeHHE TaKOW MPOLIEAYpPHl PAa3peKEHUsS K MPOU3BOJIBLHOMY
MOTOKY BOCCTAHOBJICHHS IPU CTPEMJICHHMH BEPOSATHOCTH Pa3pekKEHUs K €AUHMIIE MPUBOAMT IOCIE
COOTBETCTBYIOILIEH HOPMHUPOBKHU K ITyaCCOHOBCKOMY IOTOKY. ECIM BEpOATHOCTD pa3peKeHus pa3indHa
IS pa3NUYHBIX IUKIOB, TO, kKak mokaszan HO.K.benser [23], pesynbrar Penwsu [24] ocrtaercs
CIPaBEIMBBIM JIUIIH ObI BCE BEPOSTHOCTH PA3PEKEHUSI CTPEMIIIUCH K HYJIIO PaBHOMEPHO.

Ecnu teneppb nepeiTu K pacCMOTPEHUIO AlIbTEPHUPYIOIIETO MpoIlecca, B KOTOpOM anuTerasrHocThio NH
HeJb3s1 MpeHeOpeyb 0 CPABHEHUIO C IIUTEIbHOCTHIO0 VP, HO BEpOSTHOCTH MOSBICHUS OTKa3a CUCTEMBI
Ha kaxaoM MH mana, To MOKHO IPUITH K OLIEHKaM, KOTOPBIE 10 CMBICITY MPAaKTHUYECKH COBIAIAIOT C
TE€MHU, KOTOpBIE MOITYHYaIOTCs ISl pa3peKeHHOTO TOYEUHOTO TTOTOKA.

PaccmoTpuMm Temepp B OJHOM BEpPOSITHOCTHOM THPOCTPAHCTBE OCHOBHOW U JIONOJHUTENIbHBIN
CIy4daiiHble Mpouecchl. B OCHOBHOM MpoLEcce, ONHCHIBAIOIIEM IIOBEACHUE CHUCTEMBI, ITOSBIICHHE
HOBOoro MH BO3MOXHO TOJBKO MOCIE OKOHYAHUSA MNPENbIAYIIEro. B IOMOJHHUTENIBHOM HpoLecce
nomyckaetcs nosieinenue MH B mo6oii momeHT Bpemenu. Kaxapiii UH B OCHOBHOM U JTOTIOTHUTEIIEHOM
poIrieccax MOKET ObITh OTKa30BBIM WJIM HEOTKAa30BBIM. [[OCKOJBKY B JIOMOJHUTEIHHOM TIPOIECCE 3a
OJWH W TOT € MPOMEXKYTOK BPEMEHM MOsBIseTCS He MeHblnee uncino MH, wem B ocHOBHOM, TO
OIIEHKOW CHM3y BpPEMEHHU JO TMEPBOro OTKa3a CHUCTEMBI SIBISIETCS BpeMsl 10 IEPBOTO TOSIBICHUS B
JIONIOJIHUTENBHOM TIpoliecce oTkazoBoro MH, a olleHkod cBepxy — Bpemsl /0 TOSIBJEHUS B
JIONIOJIHUTENBHOM Tpoliecce nepBoro orkazoBoro MH, He mepecekierocsi HU ¢ OJJHUM HEOTKA30BbIM
NH (uucno KoTopbIX HE MEHbINE, YeM B OCHOBHOM IIPOIIECCE), BO3HMKIIHMM JO HEro, TUIIOC YacTh
qutensHocT 3Toro MH no mosiBneHus Ha HeM COOBITHS — OTKa3a CUCTeMbl. [Ipu BBINMOTHEHHH
HEKOTOPOTO YCJIOBHS OBICTPOTO BOCCTAaHOBJICHHSI 00€ ATH OICHKM HAYMHAIOT JIaBaTh BCE MEHBIIYIO
OTHOCUTEJIBHYIO MOTPEIIHOCTD, COMMKASICH IPYT C IPYTOM.

OT™MeTHM TCIICPb, KOTAA ITOJIYYCHHBIC ACHUMIITOTHUYCCKUC OLCHKH nokasartejei HaACKHOCTU MOTYT
HCIIOJIb30BATHCA HA IHNPAKTUKEC, a B KAKHUX CJIyYasdX OHU HAKOT CCPbE3HBIC IMOIPCHIHOCTH. Xopomee

-08 -



NCCJICA0OBAHUA

HanéxHOoCTb: BOIIPOCHL TEOPUU U NPAKTUKH No.3, centsa6ps 2006

NpUOTIDKEHHE aCUMIITOTHYECKUE OIICHKHU JAl0T B T€X CIy4YasiX, KOTJla CUCTEMa BBICOKOHA/ICKHA B TOM
CMBICJIE, YTO OTKA3 CHCTEMBI U JII00asi e HEeHCIPAaBHOCTh PAa3BHBAIOTCS 110 MOHOTOHHOW TPaeKTOPHUHU.
[Ton MOHOTOHHOW TpaeKTOpuMeld TMOHHMAETCS Takas TpPAeKTOpHUs, y KOTOpOM B mpolecce
BO3HUKHOBEHHS OTKa3a CUCTEMBI HE MPOUCXOIUT YePETOBAHUS OTKA30B U BOCCTAHOBIICHUH OTAETBHBIX
AJIEMEHTOB, T.€. CHadaja BO3HUKAET LIEMOYKAa OTKA30B, a TMOTOM IOCJIEIOBATEIbHO 3aKaHYHBAIOTCS
TOJIbKO BOCCTAHOBJICHHS 3JIEMEHTOB. [IpakTHUecku 3TO COOTBETCTBYET YCIIOBHUIO, YTO NPOU3BE/IEHUE
MaKCHUMaJIbHOTO CpEIHEr0 BPEMEHHM BOCCTAHOBJICHHS 3JIEMEHTOB Ha CYMMAapHYIO HHTEHCHBHOCTb
OTKa30B 3JIEMEHTOB B CUCTEME MaJIo.

KpOMe TOI'0, 3TU OLICHKHU CIIPABCIAJIMBLI, KOI'Ia PACCMATPHUBAKOTCA WHTCPBAJIbI BPEMCHU 0e30TKa3HOoMH
pa6OTI)I CUCTCMBI, CYHICCTBEHHO OoubIINE JJINHBI NUKJIa «pa6OTOCHOCO6HOCTB -
HepaGOTOCHOCO6HOCTB», U MNPUBOIAT K olIuoKam npu MUX HUCIIOJb30BAHHWU Ha HAYAJIbHOM YYaCTKE
pa6OTBI BBICOKOH&HGH(HOﬁ CHCTCMBI.

Ha IMPAKTUKE YaCcTO aCHMITOTHYCCKHE PE3YJIbTAThl HNPUMCHAIOT JIA BBICOKOHAACKHBIX CHUCTEM
BOO6H_[€, HE OroBapuBas, B KaKOM CMBICJIC ITOHHUMACTCsA 3Ta BBICOKAsd HAACKHOCTb. B,HCCB cieayer
OTMCTHUTH, 4YTO B BBICOKOHAaACKHBIX CHCTCEMax C BBICOKOH cTeneHbi0 u30bITouHOoCcTH MH MOXeT
MNpEeaACTaBJISITh us3 cebs nocCJCa0BaTCIbHOCTD HCMOHOTOHHO Ppa3BHUBaOIINXCA TpaeKTopI/Iﬁ
BO3HHUKHOBCHUS HCUCIIPABHOCTU CUCTCMBI. B stom CJIydac UCIOJIb30BAHHUEC ACUMIITOTHYCCKUX (I)OpMyJ'I
YKa3aHHOI'0 BBIIIC THIIA MOXCET MPUBCCTH K CCPHLE3HBIM IMOTIPCIIHOCTAM. 1 B sTOM cJIydyac IIOTOK
MOMCHTOB BO3HHMKHOBCHHSA OTKA30B CUCTCMbI 06pa3yeT IIOTOK nepecequI/Iﬁ «BBICOKOI'O YPOBH:», T.C.
6y;[eT HpI/I6J'II/I)KaTBCSI ITyaCCOHOBCKHUM IIOTOKOM. Ho napamMeTp 3TOro moOTOKa CJICAYCT BbIYUCIIATH
HWHBIM CHOCOGOM, a HC C UCII0JIb30BAaHHUECM MCTOJd MOHOTOHHBIX TpaeKTopHﬁ.

OTMeTuM, YTO H3J1araéMblii aCUMOTOTHYECKMA METOJ SIBISETCS KOHCTPYKTUBHBIM M JAeT BEChMa
XOpOIIINE Pe3yNbTaThl Al OONBIIMHCTBA MPAKTHUECKUX cuTyanuid. OH OB YCHEIIHO HCIIOJIb30BaH
JUISl HAJEKHOCTHOTO ITPOEKTHUPOBAHUS CIIOKHBIX BBIYMCIUTENIBHBIX CUCTEM B aTOMHOM M TEILIOBOM
SHEpreTruKe, XMMUHU, HePTEXUMHUU, METAJUTYPTHUH U B APYTUX OTPACIIAX.

2. IHocraHoBKa 3aaa4u

PaccMarpuBaeTcsi BocCcTaHaBiIMBaeMasi CUCTeMa, CojepiKallas 7 3JEMEHTOB MU K PEMOHTHBIX €IMHMIIL
(PE). Kaxxaplii 71€eMEHT CUCTEMbI MOKET OBITh TOJBKO B PabOTOCTIOCOOHOM MIIH HEPaOOTOCTIOCOOHOM
cocrostHun. Kaxaplii pabOTOCIIOCOOHBIN 3JEMEHT MOMKET HAXOMUThCSI B HArpy>KCHHOM  WJIH
HEHArpy»XeHHOM peXuMe (0OJIeryeHHBIH PEeXUM Il KpaTKocTu omyckaercs). Ilycte Fi(x) u fi(x)
cooTBeTcTeHHO GyHKIMsA pacnpeneneHus (®P) um mmotHocth pacnpenenenus (IIP) Bpemenn

0e30TKa3HON pa6OTBI I- TO DJICMEHTA B CHUCTEME, 1= l,l’l , 4 m; — CPEOHCE 3HAYCHHUEC 3TOIO0 BPEMCHU,
m; < 00,

PaccmarpuBaroTca cienyromue THIBI CHCTEM C IPOM3BOJIBHBIM PAacHpelelIeHHEM BPEMEHHU
BOCCTAaHOBJICHUS DJIEMEHTOB:
1) cucrembl ¢ SKCHOHEHUMAJIbHO pACHpPEIEICHHBIMU BpEeMEHaMH O€30TKa3HON paboThl
3JIEMEHTOB, Y KOTOPBIX CYIIECTBYET CTALlMOHAPHBIA peXUM (DYHKIIMOHUPOBAHUS CUCTEMBI;
2) cuctemsbl, paboTarollMe B HECTAlMOHAPHOM pEXHUME IpPU IEPEMEHHBIX YCIOBHUAX
JKCIUTyaTalluu, BpeMs 0e30TKa3HOW paboThl 3JIEMEHTOB KOTOPBIX  OMHUCHIBAETCS
HECTallMOHAPHBIM ITyaCCOHOBCKHUM IIPOLECCOM, a PACIPEEICHUE BPEMEHN BOCCTAaHOBIICHUS
3JIEMEHTAa MOKET 3aBUCUTh OT MOMEHTA €ro 0TKa3a;

-99 -



NCCJICA0OBAHUA

HanéxHOoCTb: BOIIPOCHL TEOPUU U NPAKTUKH No.3, centsa6ps 2006

3) cuctembl, BC€ 3JEMEHTBHl KOTOPBIX MMEIOT orpaHuueHHyio IIP BpemeHnu 0e30Tka3HOI
paboThl; Tpebyercs Takke, 4ToOb! 3Ta IIP B Hyne Oblia oTaudHa oT Hysd, fi(0) =c; # 0,0 €

Ln.

B pamkax maHHOW CTaThH MpPENIIOJIaraeTcs, YTO C BEPOSTHOCTHIO | MTHOBEHHO OOHAPYIKUBACTCS
OTKa3 JI000ro 3JeMEeHTa B CHCTEME M IEpEeKII0YeHHEe Ha pPEe3epBHBIN 3JeMEeHT (B CHUCTeMax C
3aMelIeHneM) pou3BoAUTCA 6e3 3anaepxkku. HepaboTocrocoOHbIE 3I€MEHTH BOCCTAHABIMBAIOTCS.

JonmycTuMblil  Kilacc JUCUMIUIMH BOCCTAaHOBJIEHHMs [ 3ajaercs CIEAYIOIIUM  pPEeXKUMOM
BOCCTAaHOBJEHHUA. Jlns Kaxzaoro siaeMeHTa cyuectByer xoTss Obl ogHa PE, cmocoOnas ero
BOCCTaHOBUTH. [locie BoccTaHOBIIEHMsSI 3J€MEHT BeleT ce0s Kak HOBBIA. BoccraHoBieHue
JJIEeMEHTa HAYMHAETCs HEMEIJIEHHO, ecliu ecTh cBoOoaHas PE, cmocoOHas ero BOCCTAaHOBHUTb.
CyMMapHas CKOpoCTb BoccTaHoBIeHHH 1F0001 PE Ha nHTepBane padot atoii PE paBHa 1 (ckopocTh
BoccrtaHoBneHuss PE  coorBeTcTByeT Macmtaly BpeMEHH, C KOTOPBIM  IPOHM3BOJIUTCS
BocctaHoBNeHne gaHHOW PE). JlomycTumel pa3nudHble TpephIBaHHWS BOCCTaHOBJIEHHS, HO OP
CYMMapHOTO BPEMEHHU BOCCTaHOBIEHMs i- ro sneMeHTa j — ol PE, paBHa Gj(x), HE3aBUCHMO OT
YHUCIIA U JUIMTEIIHOCTH MPEPBIBAHUN.

Mycrs 1| — YHUCJIO OTKA3aBIIMX 2JIEMEHTOB B CUCTEME B MOMEHT Z.. TOF}Ia Kiacc D BKJIIOYaAET B CC6$I, B
4aCTHOCTH, JUCHUIIIIMHBI:

e d; — muctmmmuimHa FIFO ¢ npsMeiM mopsakoM oOCITyKMBaHUS, TMPH KOTOPOH B MOMEHT Zz
BOoccTaHaBiuBatotcsa min(k, ) 31eMEHTOB, OTKa3aBLIUX MEPBbIMU;
e d, - mucummumaa LIFO ¢ oOpaTHBIM MOpsSIKOM OOCITYKHBaHHSA, MPH KOTOPOH B MOMEHT Zz

BOCCTaHaBNHBAIOTCS min(k, ) 1MeMEHTOB, 0TKa3aBIINX TOCIICHUMH,

e d; — MUCHWIUIMHA pa3fefieHus BPEeMEHH, MPHU KOTOPOil «OJHOBPEMEHHO» BOCCTAHABIMBAIOTCS BCE
OTKa3aBIIME AJIEMEHTHl C OJUHAKOBOM CKOPOCTHIO, MPHYEM CKOPOCTh BOCCTAHOBIICHHUS OJHOTO
AJIEMEHTa B MOMEHT z paBHa euHuIle, eciu [ < k,upaBHa k /[, ecmu [ > k;

e d; — JOUCHMIUIMHA, TIPU KOTOPOH B MOMEHT z BOCCTaHaBiuMBaioTcsi min(k, /) BJIEeMEHTOB ¢
HaMMEHBIIIUM OCTATOYHBIM BPEMEHEM BOCCTAHOBJICHUS.

OTCYTCTBYIOT OTpaHUYEHHSI HAa CTPYKTYypy CHCTEMBI. 3a/1a€TCd KPUTEPHM OTKa3a CUCTEMBI, KOTOPBIN
MOJKET BKJIIOYATh B ce€0sl U yCIOBHE BPEMEHHOTO pe3epBupoBaHus. COCTOSHHE JIEMEHTOB CUCTEMBI B
MOMEHT Z 3aJafiUM BEKTOpoM V(z) = {v,(2),...,v,(z)}, TOEe Kaxkgas KOMIIOHEHTa MOXET NPHUHUMAThb

snauenus {0, 1,..., n}. [Ipu 3TOoM HEPaOOTOCTIOCOOHBIM 3JIEMEHTAaM CTaBUTCS B COOTBETCTBHE 4HCIO 0,
paboTocrocoOHBIM — Yrcia OT 1 10 #. DTH yucha MO3BOJISIOT OJHO3HAYHO 33]aBaTh MOPSIOK 3aMEHBI

ar000r0 OTKa3aBIIEro yeMeHTa. BaereHHoe oOo3HaueHHE V(z) MOXET OBITh HCIOJIB30BAHO IMPH

OIICHKAaX HAACKHOCTU KOHKPETHBIX CUCTCM JIA OIMMMCAHUSA MHOKCCTBA UX COCTOSIHPIﬁ, KakK 3TO CACJIaHO
B IIOCJICAHEM pPa3aciiC CTaTbU.

O003HaunM yepe3 £ MHOKECTBO COCTOSIHUI CUCTEMBI U NPEICTaBUM €ro B Buze {(V(z)}=E=E, UE ,
rae E, - o0nacTh MCIIpaBHBIX, @ £ - 007acTh HEUCIPABHBIX COCTOSHUM cuctemsl. CucremMa cuuTaeTcs
HEHCIIPAaBHOW B MOMEHT z, €M V(z) € E_ W OTKa3aBIIIEeH, €CIIM €€ HEHCIIPaBHOCTH JIJTUTCS BpEeMs, HE

Mmenbinee 77, P{n < x} = H(x). [Ipu orcyrctBun BpemeHHOro pe3epBa (77 =0) o6iacTh HEHCIPABHBIX

COCTOSIHMM CHCTEMBI NpeBpalaeTcs B 00JI1aCTh OTKa30B CUCTEMbl. B HadagbHBIF MOMEHT BPEMEHH BCe
AJIEMEHTHI CUCTEMbI OBbLITM HOBBIE U UCIIPABHBIEC.
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[Iycth b - HEKOTOPHI BEKTOP COCTOSHMIT HIEMEHTOB CHCTeMBbI HermocpeacTenHo nepen MH, a b -
BEKTOpP COCTOSHUMW BJIEMEHTOB CHCTEMBI Ha 3TOM ke MH HemocpeacTBEHHO MOCie MOMEHTa Mepexoaa

BEKTOpa COCTOSIHUI cuCTeMBI U3 o0nacti E, B obnacte E . Ha3oBem myTteM 7, BenymuMm us b € E, B
cocrosiune b € E wa WH, nocienoBaTtenbHOCTD BEKTOPOB COCTOSIHMM 3JIEMEHTOB, HauMHasi OT

BeKTOpa b, HEIOCPEICTBEHHO TpeauecTByfomeMy Hadanry WH, u komuas Bektopom b,
COOTBETCTBYIOLIEMY II€PBOMY MOMEHTY IOSIBICHHS HEHCIPAaBHOCTH cHcTeMbl Ha 3ToM MH, mpuyem
Nepexo/] U3 OJTHOTO BEKTOPa COCTOSHUI B MOCIEIYIOIINUNA TPOUCXOAUT TOJIBKO 3@ CUET TOr0, YTO POBHO
OJIMH 3JIEMEHT CUCTEMbI OTKa3bIBAET UM KOHYAET BOCCTAHABIMBATHCA.

I[J'II/IHa IIyTU paBHa 4YHCIY BEKTOPOB COCTOHHHﬁ, COACPXKAINUXCA Ha O9TOM IIYTH, HE CUHTaA
MEPBOHAYAJIBHOI'O  BCKTOpPA b. HyTI) Ha30BEM MOHOTOHHBIM, €CJIK Ha HCEM OTCYTCTBYIOT

BOCCTAaHOBJICHUS 3J€MEHTOB. MOHOTOHHBLIN IIyTb HA30BEM MHWHUMAJIbHBIM JJIA b , €ClIn €ro JJIHhHa

[(b) paBHa MHUHUMYMY JUIMH IyTel, Beaymux u3 b B E_. Torja MUHHUMAaIbHOE YUCIO DJIEMEHTOB,
OTKa3 KOTOPBIX MOXKET BbI3BaTb HEUCIIPABHOCTb CUCTEMBI, paBHO s=min/(b) no beE, , b >0,

i=1,n.3necp b,- 310 i-as KOOpAMHATA BEKTOPA b , KOTOpas ONKUCBHIBAET COCTOSHUE I- TO HIEMEHTA.

Cuuraercsi, 4TO cucTemMa paboraeT B ycioBusix ObicTporo BocctaHoBiieHus (bB). IIpaktuuecku 3To
03HAYaeT, YTO CpeHEee BPEMsI BOCCTAHOBJICHMS 3JIEMEHTA CYIIECTBEHHO MEHBIIE CPEIHEr0 BPEMEHU
MEX]Ty JTIOOBIMU JIBYMSI OTKa3aMH JIEMEHTOB B CUCTEME.

3amava 3aKiI0YacTCss B TOM, YTOOBI OLIGHWUTH IOKa3aTeln O€30TKa3HOCTH M PEMOHTONPHUTOAHOCTH
cHCTEMBI B ycioBusax bB.

3. Acumnroruuyeckoe npudaumkenue. O6uas Mojaej b CUCTEMbI

Kaxk nmokazaHo BblllIe TOBEACHUE CUCTEMBI OMUCHIBAECTCS ANbTEPHUPYIOIIUM CIIyYalHBIM MPOLIECCOM, B
kotopoM uepenytorcs P u MH. Cucrema moxer oTkazate Ha Hekoropom WH Gonee omnoro pasa.
[ToBenenue Takoi CHCTEMBI OBLJIO TPOAHAIM3UPOBAHO B [2].

HazoBem x-0TKa30M cHCTEMBI TaKOW OTKa3, MPU KOTOPOM CHUCTEMa MPEOBIBAET B COCTOSHUU OTKa3a He
MEHEee BpEMEHH x. Ilomsatne x-oTkaza OyJIeT WCIOJB30BAaHO TMPH OIICHKE TIOKa3aTesnen
PEMOHTONIPUTOAHOCTH cucTeMbl. CKaxkeM, 4YTO cHCTeMa oOTkasana (x-otkazana) Ha MH 1o
MOHOTOHHOMY IyTH, eciii oT Hadaida MH u 10 MomeHnTa oTkasza (x-oTkaza) cucrembl Ha »ToM UH He
YCIEJIO 3aKOHYUThCS BOCCTAHOBJIEHUE HU OJHOTO 3JIEMEHTA.

ByILeM paccMaTpuBaTh BLICOKOHAACKHBIC CUCTEMBI. PGSyJ'II)TaTI)I [1] IMMOKa3bIBAKOT, YTO B 9TOM CJIydac
I CUCTEM l1-ro u 3-ro THnoa pacipeaciCeHuc BpEMEHU 0 IMCPBOIO OTKa3a CHCTCMbI CXOIUTCA K

X
AKCMOHEHIMANIbHOW (YHKIMHM, a JJs CHUCTeM 2-TO THMa CXOJIUTCA K exp{—J.O P(u)du }, ecnu

IIPOU3BEJIECHNE MAaKCHMaJIbHOM HMHTEHCUBHOCTH TIIOSBIEHHMS MHTEPBAJIOB HEHUCIPABHOCTH A mHa
MaKCHUMAJIbHYIO CPEIHIOI0 JIIUTEIbHOCTh HHTEPBAJIa HEUCIIPABHOCTU T ¥ BEPOSATHOCTh OTKa3a CUCTEMBI
q Ha VH ctpemsarcs k Hymo. Ecnu npu 3ToM U BeposITHOCTH ¢* TOsBICHUS Oojiee OAHOTO OTKasa
cucreMmbl Ha MH ctpemurcsa k Hymo, To ®P Bpemenn mexay 100bIMU JIByMs MOCII€A0BAaTEIbHBIMU
OTKa3aMH CHCTE€MBbl 1-ro M 3-ro Tuma CXOIUTCS K SKCIIOHEHLHUAIbHON (YHKIMM, & HHTEHCUBHOCTb
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OTKAa30B CHCTEM 2-TO THIIA CXOOAUTCA K IIYAaCCOHOBCKOMY IIOTOKY C IICPEMCHHBIM IapaMETpOM.

Kputepuii BB onpenenennslii Hinke obecrieunBaet ycioBus, Ipu KOTopeix A 7' — 0,g > Oug* —
0.

4. YTO4HeHHas1 MoJeJIb cucTeMbl M KpuTepuii BB

IIycts G(x) = min Gy(x), G+(x) = max Gj(x), Tile MUHUIMYM U MakcuMyM OepyTcss 1o HomepaM j PE,
JOCTYIIHBIX [ - My DJIEMEHTY, U IO I = I,_n (3aece G(x) u G+(x) — OP cooTBeTcTBYIOMMM 00pa3zom
HauOOJIBIIIETO M HAaWMEHBIIErO0 BPEMEHU BOCCTAHOBJICHUS JJIEMEHTOB); S§ — MHUHUMAIbHOE YHCIIO
AJIEMEHTOB, OTKa3 KOTOPBIX MOKET BBI3BaTh HEUCIIPABHOCTh CUCTEMBI; f( )=1-T() nna moboit OP

INQF
m = j[ 7 Gdx,  me=m, mGp) =[G+ ) dx dH@);

/ﬁ )41 i - MaKCHUMaJIbHas1 1 MUHUMaJIbHas1 MTHTCHCHUBHOCTH OTKAa30B 3JICMCHTOB B HCHpaBHOﬁ CHUCTCMC.

CkaxeMm, 4To B ccTeMe BbITIoyIHAeTcs yeinoBue bB, ecmu 4 > 0 u
a=[1°m /(my)™"] =0 4.1)
unpuistom y OP F,(x), i= I,_n , CYILIECTBYIOT orpaHn4eHHsble [1P.

Oto ycnoBue obecrieunBaet, uto A 7 — 0, g —> 0 u g* — 0, u Takum 0Opazom oOecreynBaeT, uTo
@®P BpeMeHHU 710 MEPBOro OTKa3a M BPEMEHU MEXKIy JABYMSI COCEIHUMH OTKAa3aMH CHCTEMBI CXOJIUTCS K
AKCMOHEHIIMAIbHOU PyHKIINH [2].

[Tpu OBICTPOM BOCCTAHOBJIEHHWH IOYTH BCETJa OTKA3 CHCTEMBI MPOUCXOJIUT IO MOHOTOHHBIM ITyTSIM
(cM. pazmen 2), eciaw TOJBKO BEPOSTHOCTh TAKOTO OTKa3a OTIMYHA OT HyJs. DTO O3HAYaeT, 4YTo
OTHOLIEHUE BEPOATHOCTH OTKAa3a CUCTEMBI I10 HEMOHOTOHHBIM TPAEKTOPHUAM K BEPOSITHOCTH OTKa3a

CUCTCEMBbI CTPEMUTCA K HYJIIO.

Crnenyroniee ycioBre 00bEAMHSIET YCIOBHE OBICTPOTO BOCCTaHOBJICHHS (4.1) W 1O0CTaTOYHOE YCIIOBHE
TOT0, YTO BEPOSTHOCTH OTKa3a CUCTEMBI 10 MOHOTOHHOMY ITyTH OTJIMYHA OT HYJIS:

o =[2 m$ /A e (7] 10, A>0 (4.2)

Vciaosue
@2=Am, —0 (4.3)

o0OecIeunBaeT CXO0OUMOCTH P BPpEMCHH MO0 IEPBOro OTKa3a CUCTCMbIL l-ro u 3-ro THMIA K

X
HKCIIOHEHIIUAIBHOMN, @ CUSTEMBI 2-T0 THUIIA K exp{-J.0 L(u)du }, aro mokazaHo B [5].
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B npakTuyecku BaxHbIX ciaydasx m' < C (m, )’ rae C - HeKoTopas KOHCTaHTa. B 5TMX ciyyasx npu

ManbiX § (s =2 + 4), onm3kux Mexay coboit G(x) u G«(x), YTO NOCTUTAETCA 3a CUET YHH(DHUKAINH
IpOLIEYPbl BOCCTAHOBJIEHUS, U MaJOM BPEMEHHOM pe3epBe (m , =~ m, (7)) ycnoue (4.2) MOXHO
3aMeHHTH ycinoBreM (4.1) wim ycioBuem (4.3).

5. Ouenka nmoxka3sareJieid HAJAeKHOCTH AJIA 001IeHd MOJEJH CHCTEMbI

ITycts 7,(f) - UHTEpBaJ OT MOMEHTA 10 IEPBOr0 OTKA3a CUCTEMBI [IOCJIE MOMEHTA ¢ IIPU YCIIOBUH A, ,
rJe NpHu pacCMOTpeHuu 7,(¢) cobbitue A4, = {(B MOMEHT / BCE 3JIEMEHThI CUCTEMbI PAOOTOCIOCOOHBI)
ND, }, a npu paccMotpeHuu 7,(t),i > 2, cooeitne A, = {(B unTepsane (¢, t+ df) npousomen (j - 1)-i
OTKa3 cUCTeMbl) ND, }, mpuyeM npu 3a1aHuu 4, pukcupyercs D, = {COCTOSHUSA HIEMEHTOB CUCTEMbI
B MOMEHT / U 0TpabOTaHHbIE K MOMEHTY / BpeMEHA BOCCTaHOBJIEHUs 31eMeHTOB}. IlycTs B(, z) = { 4,

M (B uHTEpBaJIE (¢, z) cucreMa He oTkazana (0e3 ydera (i-/)-ro otkasza), ¢t <z }. Ilpenmonaraercs, 9To
npu ¢ = 0 Bce 3JIEMEHTHI CHCTEMBI HOBBIE H CHICTEMa BKITIOYaeTCs B PadoTy.

[ycts UH z osnauaer MH, nauaBmmiics B uHTepBane (z, z + dz); uHuekc (z) B o6o3Hauennu u'”

O3HAYaeT, uTO BeJWJnHa ¢ oTHOocuTca K H z.

Paccmorpum cucremsr 1-ro u 2-ro tuma. [Iycts A(z) - HHTEHCUBHOCTh OTKA30B JIEMEHTOB B CHCTEME
npu ze WP, ¢ - BeposTHOCT OTKa3a cuctemsl Ha MH z, A =supA(z) u g=supg(z) mo z>¢,
B(z)=A(z)q'” - uHTeHCHBHOCTH MOsBNEHMs OTKa3oBbix WMH, 7, - cpeaHss JUIMTETBHOCTD
HeoTkasoBoro MH, 7, - cpennss anurensHOCTh OT Havyana MH 1o MoMeHTa nepBoro oTkasa CUCTEMBI
Ha 3ToM MH, 7, - cpenHsAs [UIMTENBHOCTH OT MOMEHTa nepBoro orkasa Ha MH no oxoHyanus storo
UH, T=T+T,+T;.

Torna [4-5], ucnonb3ys MOJX0/I, ONMCAHHBIN B pazjene 1, nomyuum

Teopema 5.1. JIns paccMaTpuBaeMbIX MOJIENIEH CUCTEM CIIPABEJIMBBI OLIEHKU
exp{—J-tHX B(u)du} < Pz, (t) > x} < exp{— jt B(uw)e duy + AT,. (5.1

ami>2

(1-g.)exp{— j Bu)du} < P{z,(1)> x} < exp{— j B)e dul + AT, + AT,. (5.2)

HuxHue oueHku teopemsl 5.1 T0OCTaTOYHBI TOYHBI U NOHATHBL. BepXHue k€ OLIEHKM B HEKOTOPBIX
Cllydasix MOTYT ObITh yTOUHEHBI. B [4-5] moka3zaHo, 4TO BBIIOJIHSETCS

Teopema 5.2. Ilpu Ag — 0 Hapsigy ¢ OlleHKaMu TeopeMsbl 5.1 cripaBeUIMBHI CIIEAYIONNE BEPXHUE
OLICHKH
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P{r (1) = x} < exp{—fH Lw)e duy(1+ AT,), (5.3)
angi>2
Pl{r,(t)=x} < exp{—J.le Bwe dut(1+ AT,)(1+ ATy).  (5.4)

B [4-5] Taxke moka3zaHo, yto HmxkHHE oneHkH (5.1) m (5.2) m Bepxuue ounenku (5.3) u (5.4)
ACUMIITOTHYCCKH HEYJIydIllaeMbIe.

Canenctue 5.1. [Tpu AT — 0

Piz,(t)> x} ~ expl— jt B(u)du. (5.5)

Ecnu npu stoMmu g, - 0, To 1 jyuist i > 2

Pir ()2 x = epl=[ pu)du) (5.6)

B [4] nokazana cipaBeyIMBOCTh CIAEAYIOIIUX JIEMM:

Jemma 5.1. Tipn s =2 w3 [A°m% /(m,)* '] >0 cnexyerg—0.

Jdemma 5.2. Us Am, —>0 cuenyer AT, >0 u AT,—0, a w3 [A° m$ / m,) ] -0
JIOTIONHUTENBHO creyeT AT, — 0.

Jemma 5.3. U3 [A°mS /(m ,)* '] =0 cnemyer g, — 0.

Takum 00pa3om noka3aHa
Teopema 5.3. JInst cuctem 1-ro u 2-ro TUMa IpH 2 m, >0 nna i=1wunpu [25 m¢) /(mR)S’]] -0

mai>1

t+x
Pz, ()2 x}mexp{=[  Blu)du}, (5.7)
t
rae f(u) - THTEHCUBHOCTD MOsIBJIeHUs1 0TKa30BbIX H B cuctemMe B MOMEHT u.

PaccmoTtpum cuctemsl 3-ro tuna. Kak mpaBuiio, mapaMmeTpsl, ONUCHIBAIOIINE MOBEIEHHUE CUCTEM 3-TO
TUIA HAXOAATCS TIPU YCIOBUM B(t,z). Jlns ynpouieHus 3anucu BMecto B(t,z) Oyaem nucath ¢, TOHUMAas
YTO BMECTO / B JAHHOM MECTE JI0JKHO OBITh B(%,z).

B YCIIOBUAX 6BICTpOFO BOCCTAHOBJICHU CyMMapHass UHTCHCHUBHOCTb OTKA30B 3JICMCHTOB OT'paHHU4YCHA

CBEPXY M HE paBHA HYIIO (;1 <o u A>0). Onupasice Ha obmue pe3ynbrathl Renyi [24] u HO.K.

bensera [23], MOXXHO clenaTh IBPUCTUYECKOE IMPEANOIOKEHHE, YTO OICHKH, aHajioruuHbie (5.7)
BEPHBI U JUISI CUCTEM 3-T'0 THIIA.
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B YCII0BUAX 6BICTpOFO BOCCTAHOBJICHUS NIPUBCACHHLIX B TCOPEMC 53 JJIs1 CUCTEM TPCTHETO TUIIA ITPHU
i1

Pir ()2 x ~exp{=[ " Blul du}. (5.8)

rne BenuunHa f(u|t) = f(u| B(t,u))onpenensercs npu yclioBUH B(f,u) ¥ 3aBUCUT HE TOJILKO OT U

HO ¥ OT ¢. CripaBeuyBOCTS (5.8) 7151 CUCTEM ¢ OAHOTHUITHBIMH 3JIEMEHTAMHU U Harpy>KEHHBIM Pe3epBOM
nokazana A.J[. ComoBbeBbiM [10].

Hycrs p.(z|1) = p;(z|B(t,2))- BepOATHOCTH TOrO, 4TO V(Z) =b= (b,,...,b,) npu ycnopuu B(t,z) n

ze UP; /1(z|5,t)5/1(z|l;,B(t,z))- CyMMapHass MHTEHCHBHOCTh OTKAa30B AJICMCHTOB B CHCTEME B

MOMEHT z TpH ycloBHH, uTo V(z)=b,B(t,z) u ze WUP; ¢ = g2

BEPOSTHOCTh OTKa3a
cuctembl Ha MH z mpm ycnmoBum B(t,z) m v(Z)=b. Ecm ze WP, to mo dopmyne momaHOH

BEPOSITHOCTHU
— L (zlB.1)
pEID= 5 pi(z|0AG|5.0g " (5.9)

Yepes f(z|t) BelpaxaroTcs HE TOJNBKO IOKa3aTelnd O€30TKa3HOCTH, HO U IOKa3aTelu
PEMOHTOIPUTOTHOCTH ¥ KOO PHUIIMEHT TOTOBHOCTU CUCTEMBI (CM. pa3aeinsl 6 — 9). Huwke OyayT naHbl
pexkomenanuu 1o ouenke S(z|[t) u A(z|b,t) mus paccmarpuBaembix cucteM. Ouenka ke p;(z|1)

JIOJKHA IIPOBOJIUTHCS /111 KAXKJI0M KOHKPETHOM CTPYKTYpPbI CUCTEMBI B OTJIEJIBHOCTH (CM. pa3zaen 9).

Hycts q\;"" = q\:""“* - BepostHOCT OTKa3a cucTembl Ha VH z TONBKO 1O MUHHMAIBHBIM IS

v(z) = b My TSIM JJIUHBL [ = l(l;) IpH yciaoBuM B(t,z) u v(z) = b.

Hns cuctem 1-ro tuna A.Jl.ConoBbeBbIM [12] u ans cucreM 2-ro Ttuma B [4] mokazaHo, 4TO HpPHU

d=d,eD w ObICTPOM BOCCTAaHOBIEHMH B oleHke ¢ MOXHO OrpaHMYMTBCS — TOJBKO

MHWHHUMAJIbHBIMU ITYyTAMU.

[Tyctb 7,(f) - BpeMs BOCCTAHOBIIEHHsl CHCTEMBI IOCNIE [-IO OTKa3a CUCTEMBI IIPH YCIOBHH, YTO I-i

0TKa3 cucteMsl npounzomen Ha MH 7.

PaccmoTpum 0o0miyro Monens cucteMmbl l-ro m 2-ro Tuma, I KOTopoil A(f)df - BeposSTHOCTH

nossnenus UH #; ¢ u qi” - BEPOATHOCTH OTKa3a M x-OTkasa cucreMsl Ha WH ¢; qf‘;) 51 qij\)l

BEPOSTHOCTH OTKa3a M X-OTKa3a cucreMbl Ha WH ¢ ¢ y4eToM TOJIBKO MHHHMMAJBHBIX ITyTCH;
B, =21, B, ()= B, (0], o= A(t)q\) - uHTeHCUBHOCTH X-0TKa3a U OTKa3a cucTembl Ha VH ¢

C YYCTOM TOJIbKO MUHHUMAJIbHBIX HyTeﬁ OTKa3sa.
HpI/I pa60Te CUCTCMBI B YCJIOBUAX 6BICTp0FO BOCCTAHOBJICHUA BCPOATHOCTDb OTKa3a CUCTECMbI CXOJAUTCA

K BEPOATHOCTH OTKa3a CHUCTCMblI 110 MHUHUMAJIbHBIM MOHOTOHHBIM IIYTAM [3], T.C. BBIIIOJHAIOTCA
OLICHKU!
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B = B, (1) (5.10)
B = B,(0) (5.11)

ITo [1] BepHa

Teopema 5.4. Ecnu @, =[A m{’ /A" [m,.(7]""'1— 0, To paBHOMepHO 110 i > 1

Pir, () 2 x} = B ()] By (). (5.12)
ITycts T, ,§’) - Cpe/iHee BpeMsi BOCCTAHOBJICHHS] CUCTEMBI ITPU YCIIOBHUH, YTO OHA oTka3ana Ha UH .

Caencreue 5.2. Ilpu ¢, —> 0

T = [ By (O] B, (1) (5.13)

6. Onenka moka3saresieil HaJesKHOCTH JJIsl CHCTEM IEPBOro0 M TpeTbero TUIa, padoTalIHUX B
CTALMOHAPHOM pe:KuMe

Tonwko B YCIIOBHUAX pa6OTLI CHUCTCMbI B CTAllMUOHAPHOM PEIKUME (3TOT PCKUM UCKIIHOYACT CUCTCMbI 2-
Tro TI/IHa) MOJIY4YaroTCs MPOCThIC NMHKCHCPHBIC (i)OpMy.]'II)I JJIs1 OICHKHW HAACKHOCTH CUCTEMBI.

B cranyoHapHOM pexuMe q/ﬁj‘g’” = qg’) , qjj'l;”) = qg) , A(z|b,Hy=A(b) u B(z|t)=p.Ouennm f3.

IIycte u3 ﬁ(z)zl; € E_, zellP, BO3MOXXHBl MUHHMAaJbHbIE NMyTH [ :l(l;), BEAyLIME B HEKOTOPOE

- j
cocrosianie b’ € E_. CocTostHuS b XapaKTepU3YIOTCsI MHOXKECTBOM / HOMEPOB HEpaOOTOCIIOCOOHBIX
3JIEMEHTOB IPUHAUIeKAIIUX MHOXKecTBY J =J, UJ_, rne J, u J_ - COOTBETCTBEHHO MHOXECTBA
HOMEPOB T€X 3JIEMEHTOB, KOTOPbIE B COCTOSIHUM b HaXOAWIMCh B HArpyKE€HHOM M HEHArpyXeHHOM

. =z ; ;
pexxume. [1ycTh MHOKECTBO MUHUMAINIBHBIX MyTeH, Benyumx u3 b B b ectb I17. Ilycts myts 7 € [T/
U HOPSIOK OTKA30B 3JIEMEHTOB HA 3TOM IIyTH €CTh {i,...,i,} . Ecau i, € J_, TO HA MMHUMaJIbHOM IIyTH

7 i, -bIf DJIEMEHT BKIIOYUICS B HAIPYKEHHBIH PEXHUM ITOCIE OTKasza i, -ro siementa, m(k) <k,
ke2,l. Ilyctb 0=x, <...<X, - MOMEHTBI OTKa30B JIEMEHTOB Ha IIyTH 7, OTCYUTAHHBIC OT Hayaja
WH. ycts A(d,k,7,u) - BepoaTHOCTh Toro, uto Ha MH no mMomeHTa (x,+u) HEe 3aKOHYUTbCA HU

OJIHO BOCCTAHOBJIGHME IPHU yCIIOBUM, YTO OTKA3 CHCTEMBI Ipou3oluen Ha 3toM MH mo nmytu 7 eIT/
npu nucuurinie d € D u k PE.

ITycts
A":Hcknl/m[.. (6.1)

keJ_ ied,_
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Torna [3] BepHbI
Teopema 6.1. B cratmonapHom pexume paboThl CHCTEMBI ITpH yciioBuu bB (4.2)

Ab)gl = Y Ay j j j A(d k70, u)dx,...dx,dH (). (6.2)

bieE_ 7elll 0 0<x,<..<x,

Teopema 6.2. IIpu ycnosuu bB (4.2)

9" = qiy) (6.3)

OtMeTruM, uTO Teopema 6.2, noka3aHHas IJIsl CTAIIHOHAPHOTO peXrMa paboThl CHCTEMBI, UMeeT Oosee
001Iuii XapakTep U MOXKET OBITh paclpocTpaHeHa U Ha HECTAIIMOHAPHBINA PEKUM PabOThI CHCTEMBI.

YTounum (6.2) g AUCUMIUIMH BOCCTAHOBIIEHUS, BBEAEHHBIX Bbille B pasaene 2. Ilycts Bce PE
O/IHOTHIIHbIE, KakK/Ias U3 HUX MOKET BOCCTAHABIIMBATH JIOOON OTKas3aBIIMii seMeHT U G, (x) = G;(x).

[TycTh NOPA/IOK OTKA30B SJIEMEHTOB HA MUHUMAIILHOM IIYTH 7T €CTb {i ,...,,} . Torna BepHo
Caencraue 6.1. Ecin G (x) = G,(x), i =1,n, TO IpH yCIOBUM OBICTPOrO BOCCTAHOBIIECHUA (4.2)

2) npu aucuMiMee d, U k <[

TOYERD WD W I s

b/eE_ 7ell! 0 0<y <.<y;

*Gy, (3, +1)Gi (3, +1)...Gi (v, +u)dy,..dy dH (u), (6.4)
anpu k >/
Mb)g” ~ Y Ay j [-] GGy (3 +u)..
bjeE zell’/ 0 0<yl< <Y
Gy, +u)dy,...dy, dH (u); (6.5)

2) npu nucuuiuinHe d, U k </

ZOTREDIND) J [-] Gix)Gi(xs —x,)-..

bep.  mell 0 0<ny<..<x,

G (%, =X, )G (X, —x, L Hu)*

*Gi, (X, — X, +1) Gy, (u)dx,...dx,dH (i), (6.6)
anpu k >/ BepHa ouerka (6.5);

3) npu nucuumiuuee d, U k <l
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/ I'A’
= T A

b'eE.
*zf [-] Gll(kTujG,,(ler];—uJ...
7ell! 0 0<y,<.<y_

ku
*G, (yl_l + 7) dy,...dy, dH (u), (6.7)

anpu k >/ BBITIONHSIETCS OlleHKa (6.5);

4) npu aucuuiuiuHe d, ¥ k >1 BbIIONHAETCS OLeHKa (6.5).

Ha crammonapHoM ydacTke paboThl pu qucuuIuinHe BocctanoBnenus d € D u k PE  p(¢) = p(d k),
B =By (d. k), B ()= B (d.k), 7,()=7(d,k), Tp(d,k)=Mz (d,k).

[ycts K ,(d,k) - KOo3pULUUEHT TrOTOBHOCTH CHUCTEMBI B CTalIOHApHOM pexume. Tak Kak
(1/ B,,(d,k)—T,(d,k)) - olieHKa cpeHEro BpeMeHH 0e30TKa3HOW pabOThl CUCTEMBI B CTALIHOHAPHOM

pexuMe, TO UMeeT MecTo [2]

CHGQCTBI/IG 6.2. B CTaHOHApHOM PEXUME IIPpU @, —> Owm JUCHUITIIIMHE BOCCTAaHOBJICHUA deD JJIA

CUCTEM IIEPBOT'O U TPCTHETO TUIIA BBIIIOJIHAKOTCA OLCHKU:

pld.k)~ By (d.k), (6.8)
Ple (d,k) 2 x} = B, (d, k) By (d, k), (6.9)
To(d k)= [ B (d k)] B (d, ), (6.10)
K(d, k) =1= [ B (d.k)dx! B, (d.k) (6.11)

Teopema 6.1 u ouenka (6.8) umeroT cieayromuid cMbIcia. MHTEHCUBHOCTh OTKAa30B CHCTEMbI TPH
OBICTPOM BOCCTAaHOBJICHMHM MOYXHO OMNPEIESIUTH TOJBKO C YYETOM MUHHMAJIbHBIX MyTed oTkaza. [lpu
3ToM anuTenbHOCThi0 MH mo cpaBHeHHMIO ¢ BpeMeHeM O0e30TKa3HOH padOThl 3J€MEHTOB MOKHO
npeneOpeys. [loaTOMy mpu OllEHKE WHTEHCHMBHOCTH OTKa30B cuctembl [IP BpemeHu 0e30TKa3zHOMA
paboTel B HyJe s SJEMEHTOB, KOoTopble Ha WMH Haxomunmuch B HEHArpy»XeHHOM pPEXHME,
npuHUMaeTcsa paBHOM ¢, = f,(0), a d/IEeMEHTOB, HaXOJsALIMXCA Ha CTAallMOHAPHOM Y4YacTKe B

Harpy>K€HHOM peKHMe, IPUHUMAETCs PABHOU MX IUIOTHOCTHU B HyJe 1/m;.

O6cyauM ToyHOCTH OHEHOK (6.9) — (6.11). 3ameHa B HHUX BEpOSTHOCTH OTKa3a CHCTEMBI Ha
BEPOSITHOCTh OTKa3a CUCTEMBI TOJBKO [0 MOHOTOHHBIM ITyTSM MPUBOIUT K TOTPEIIHOCTSIM, KOTOpPHIE

JUIS 3HAMEHATENIS M YMCIIMTENS. UMEOT OJIMH U TOT Xe 3Hak. [lostomy ouenku ®P 7 (d,k)u T,(d, k)

MOTyT OBITh JIOCTaTOYHO TOYHBIMH. JleMcTBUTENBbHO, M psiia CUCTEM C HArpy)XeHHbIM H
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HEHArpy>XeHHBIM pPE3EPBOM TIPH HEOTPAHHMUYECHHOM (k >7) W TOJHOCTBHIO OrpaHudeHHOM (kK = 1)
BOCCTaHOBJIEHUM NPUOJIMKEHHbIE OLEHKH 1,(d,k), nomyuennsle no ¢opmyne (6.10), coBnanator c

TOUHbIMM oLeHKamu 1,(d,k) (B Tex ciy4asx, Korga TouHble OLEHKH 71,(d,k) Moryr ObITh

OTIPE/ICIICHBI ).

Crencreue 6.3. JIiiss paccMaTpuBaeMbIX cUCTeM Npu s >2 U [Am} /[(my)* ' ]— 0 wma s=1, Am, —0
uqg—>0

P{r,(t) 2 x} = exp{-f,x},i =1, (6.12)

TOJILKO B CTAllMOHAPHOM pexkuMme. Ha HecTanmoHapHOM ke yd4acTKe paOoThl CHCTEMBI IIOTPEITHOCTD OT
3ameHbl P 7,(f) Ha SKCIIOHEHLIMAJIBHBIE MOXKET OBITH CYIIECTBEHHOM.

Tonbko B cucTemMax ¢ 3KCroHeHIHaIbHbIMU OP BpeMeHn 0e30TKa3HOM paboThI AJIEMEHTOB, Y KOTOPBIX
WIN DJEMEHTHl OJHOTUIHBIE WM NPEAYCMOTPEH TOJBKO HArpyKEHHBII pe3epB, OTCYTCTBYET
HECTALIMOHAPHBIA PEKUM pabOThl cUCTEMBI. J[Is1 TAKMX CHUCTEM HCHOJb30BaHHUE (6.8) mpaBOMEpHO Ha
ar000M ydacTKe pabOThl CHCTEMBI, €CIM B HAyaJbHOM COCTOSHHM BCE€ 3JEMEHTHI CHUCTEMBI OBLIM
paboTOCTIOCOOHBI.

Ho yxe Hamuume HEHarpy>KeHHOTO pe3epBa NpPH PA3HOTHUIHBIX JJIEMEHTaX B CHCTEMax C
OKCTIOHCHIIMAIFHBIM ~ paclpe/ielicHieM BpeMeHH Oe30TKa3HOW paldOoThl JJIEMEHTOB IPHBOAUT K
MOSIBJIGHUIO HECTAIlMOHAPHOTO YyYacTKa padOThl. Y CHCTEM BTOPOTO THIA BOOOIIE OTCYTCTBYET
CTallMOHAPHBIA pexuM. J[7Is BCeX TakHX CHCTEM IpPHUMEHEHHE OIEHOK (6.8) Ha HecTalMoHapHOM
y4acTKe (HarmpuMmep, Ha Ha4aJIbHOM y4acTKe paOOThl CHCTEMbI) HETIPAaBOMEPHO.

7. OuneHka moka3sarteJieil HaJe;KHOCTH AJIS1 CHCTEM BTOPOIro TUIIAa

B umXeHepHO#l NpakTUKE HMHOT/A BO3HUKAIOT 33a[aud OIEHKHM HAJEeKHOCTH CHCTEM, JJIS KOTOPBIX
HA/IOKHOCTh JJIEMEHTOB, DEXHUM OOCITYyKMBaHUs, YCJIOBHS BHEIIHEW cpenpl, TpeOOBaHUS MO
HAJIOKHOCTU M JpYyTue MapaMeTpbl CHCTEMbl M3MEHSIOTCS BO BPEMEHHU JE€TePMHHHUPOBAHHBIM WU
ClTy4aiiHbIM 00pa3om.

PaccMoTpuM ciieyrornyro 10cTaTOYHO OOIIYI0 MOJETHh CHCTEMBI BTOPOTO THITA. MO/Iebh COCTOUT U3 1
AIIEMEHTOB, KOTOPHIC BKIIFOYAIOTCS B CHCTEMY IO 33JaHHOMY pacnucaHuio. KakIplii 3IEeMEHT MOXKET
HaXOJUTHCS TOJBKO B PabOTOCTIOCOOHOM WM HEpPaOOTOCTIOCOOHOM COCTOSHMM. PaGoTOCrocOOHBIIM
AIIEMEHT B 3aBHCHUMOCTH OT COCTOSHHW CHCTEMBI BKIIIOYAETCS B HArpy>KeHHBIN WM HEHArpy>KeHHBIN
pexuM (TIPOCTOTHI pajii Mbl HE paccMarpuBaeM oOJerdeHHbId pexum). OP BpemeHu 0e30TKa3HOM
paboThl i — TO DJJIEMEHTa, BKJIKUYEHHOT0O B MOMEHT [ B Harpy)XCHHBIH pPEXKUM paBHa

(0 =expi=[ 2, (u)du}.

HepaboTociocoOHBIN 37E€MEHT TMOCBUIAETCS B PEMOHTHYI0 Opuramy, coctosiyio u3 k PE, rae
BOCCTAHABJIMBACTCS B COOTBETCTBUHM C JuciumuimHod d € D. BoccranoBnenue mnomHoe. Ilocre
BOCCTAHOBJICHUSI DJIEMEHT, BKJIFOUYCHHBIN B CUCTEMY, BO3BPAIIACTCS B CUCTEMY .
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Ecnu 4ncio aneMeHTOB B CHUCTEME, X THI, YHCIO PEMOHTHBIX €IUHHIL, (QYHKIUH pacrlpeaeicHHs,
KPUTEPUM OTKa3a CUCTEMbl U T.II. U3MEHSIOTCA JOCTAaTOYHO MEJIEHHO M 3a Bpems ojnHoro MH stu
napaMeTpbl MOKHO CUMTATh MOCTOSHHBIMH, TO TaKash MOJIENb BIHCHIBAETCS B MOJIENb, OMUCAHHYIO B
paznenax 2 — 5. [loatomy [1] BepHa

A
Teopema 7.1. Jlnsg cucteM BTOPOTO THIA MPU JUCUUIUIMHE BoccTaHOBIeHus d € D, Am, -0 npng i

=1 unpu [/Almje M(me) 10 nnsi>1

P{r(t,d) > x} ~ exp {j Bu,d)du} (7.1)

[Tycth MBI paccMaTpuBaeM CHCTEMBI BTOPOTO TUIIA B YCJIOBUSAX OBICTPOro BOCCTaHOBJIEHUS Ipu d € D,

A(t) - cymMMapHasi HHTEHCUBHOCTh OTKAa30B 3JIEMEHTOB CHCTEMBbI B MOMEHT ! (WM MHTEHCHBHOCTh
noserenus MH), ¢ (d), q;;) (d) n qf(;} (d) - COOTBETCTBEHHO BEPOATHOCTH OTKa3a CHUCTEMBbI, OTKa3a 1
X-0TKa3a C Y4ETOM TOJIbKO MUHUMAJIbHBIX IyTeH OTKa3a cucteMbl BToporo tuna Ha MH, HauaBmmmcs B

uHTepBaie (¢, t + df). Toraa BeIMONHSETCS

CnencrBue 7.1. JIns cucteM BTOPOTO THIA MPH [/Al m /A [m ()10

P{t'(t,d) = x} ~ q%(d)/ ¢ (), (7.2)

X.

() ~ [ q% (d)dx/ 437 (d). (73)

8. Onenka noka3zarejieil HaJeXKHOCTH CJIOKHBIX CHCTEM

[Tycth cuctema coctouT u3 N TOCIEIOBATEIBbHO COCIMHEHHBIX B CMBICIIE HAJICKHOCTH TOACHCTEM.
CucremMa CTaHOBHTCS HEHCIPABHOW, €CJIM HEHCIIPABHOW CTAaHOBHUTCS XOTs Obl OJIHA W3 IOACHCTEM.
OTka3 cuCTEeMBl HACTYINaeT TOrJa, KOTJa €€ HEUCHPAaBHOCTh JUIMTCS BpeMs HE MEHbIIee
n,P{n<x}=H(x).

HazoBeM cxeMolt p U3 m cucTemy, COJEpXKallyl0 m 3JIEMEHTOB, HEUCIPABHOCTbh KOTOPOUW HAacTymaeT
TOTJ1a, KOTJa YMCJIO OTKa3aBIIMX 3JIEMEHTOB B HEH HE MEHbIIE p, p <m, a € 0TKa3 HacTynaeT Torja,

KOT/Ia HEUCIIPAaBHOCTh CXEMBI JITTUTCS He MeHee 77, P{n < x} = H(x).

IIycte B i-OH NOJACHUCTEME MOYKHO BBIACIUTH M, TIOCIENOBATEIBHO COEAMHEHHBIX B CMBICIIE

HAJIC)KHOCTH CXEM BUIA p U3 M W j-asi U3 HuX ecTh cxema p’ wu3 m’ (ij-as cxema). HekoTophie
3JIEMEHTHI IOJICUCTEMBI MOTYT Y4acTBOBaTh B paboTe OoJiee ueM ofHOU cxeMbl p u3 m. HencnpaBHOCTD
i-0ll MOJCHCTEMBI HACTyNaeT IPU HACTYIUIEHMM HEUCIPAaBHOCTH XOTS Obl OJHON M3 3TUX M, cXem

BUJA p U3 M.
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lycrs B%d, m), BY(d, m), Bi(d,m), B (d,m), 7,(d m)n T(d, m) 0603HAYAIOT BeTMUMHBI
OIMCaHHbIE BBIILE, HO OTHOCAIMECS K ij-ii cxeme, a fB(d,m) (B (d,m))- ”HTEHCUBHOCTb OTKa30B (X-

OTKa30B) CIIO)KHOW CHCTEMBbI B CTAallMOHAPHOM pexuMe ee pabotel. IlycTh cymMMHpOBaHHE IO «ij»

o3HayaeT cymmupoBanue no j=1,M, n i=1,N . Tornaa [1] Bemonnsercs

Teopema 8.1. JIns paccMaTpUBAaeMBIX CIIOKHBIX CHCTEM B CTAIllHOHAPHOM PEXHME MX PabOTHl MpH
ycinoBuu bB (4.2)

pd,m)~3 f(d, m)

~Z By (d.m), (8.1)

pd.m) =Y B (d, m)

~3 fl(d.m). (8.2)

Teopema 8.1 B ycioBusiX OBICTPOTO BOCCTAHOBIICHHS ITO3BOJISICT OIICHUBATh MHTEHCHBHOCTH OTKa30B
(x-0TKa30B) CHCTEMBI KaK CyMMYy HHTCHCHBHOCTEH OTKa30B (X-OTKAa30B) €€ IOCIICIOBATEIILHO
COCIMHEHHBIX B CMBICIIC HA/IC)KHOCTH Ij-bIX CXEM BHIA p W3 M, BBIYUCICHHBIX B MPEINOI0KEHUH, YTO

5T CXeMbl pabOTalOT aBTOHOMHO. IIp¥ TOM MHTEHCHBHOCTH OTKa30B (x-0TKa30B) cxeM p’ uz m’

MOYKET OIIPeeNATLCSA TONBKO C Y4eTOM MUHMMaNbHBIX myTei p” (cm. (8.1) u (8.2)).

Iycte @ ;= B(d, k) / B (d, k) — BepOSATHOCTB TOTO, 4TO OTKA3 CHCTEMbI BHI3BaH OTKA30M ij-Oi CXCMBI.
Torna BBITIOHSCTCS

Crnencrsue 8.1. B ycnoBusix bB (4.2) nns cinoxHO#M cructeMbl paboTaromieil B CTAlMOHAPHOM PEXUME
P{7' (d m) > x} = z a;P{ z';.(d, m) > x}, (8.3)
i
Tid,m) = = a; T!(d, m)
Y
=3 (" BI(d mydx/ B(d, m), (8.4)
ij
Kid, m)=1-% Bd, m) T} (d m)
ij
~1-3 [° pl(d m)adx. (8.5)
i 0

CnencrtBue 8.1 TO3BONSET B  YCIOBHUAX OBICTPOTO BOCCTAaHOBICHHSI OIICHUTh IOKa3aTeIH
PEMOHTOINIPUTOAHOCTH M KO3 (UIIMEHT TOTOBHOCTH CJIOXHOW CHCTEMBI KaK B3BEIICHHYIO CyMMY

COOTBETCTBYIONIUX MOKa3aTeseil HaIe)KHOCTH #j-bIX cXeM p” u3 m” , BEIYMCIEHHBIX B IPEINON0KEHUH
WX aBTOHOMHOM paOOTHI.
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9. IIpumep. CucTremMa ¢ HeHATPY:KEHHbIM pPe3epPBOM

PaccmarpuBaeTcs cuctema ¢ HeHarpy>KeHHBIM PE3ePBOM M PA3HOTUITHBIMU 3JIEMEHTaMH, COCTOSIIIAS U3
OJIHOTO OCHOBHOTO U (7 —1) pe3epBHBIX 351eMeHTOB ¢ 0j1HOM PE [3]. ®P Bpemenu BoccTaHOBIIEHHUS i-TO

anemenra G,(x), iel,n. Jucummimna BocctanoBienusa FIFO d, e D. Ilpu oTkaze OCHOBHOTO

9JICMCHTa €ro MECTO 3aHUMACT pCSCpBHHﬁ QJICMCHT C HAMMCHbBIIMM HOMCPOM M3 YUCIIa 3JICMCHTOB,
HpO6LIBHIPIX B pC3CPBC HauOOJIbIIICE BpEMs. HpI/I =0 OCHOBHEBIM CTaJj HepBbIﬁ QJICMCHT.

HeucnpaBHOCTh CHCTEMBbI HACTYIMAeT TOTJA, KOTJA OTKA3bIBAET OCHOBHOW AJIEMEHT U OTCYTCTBYET
PE3EpBHBIN AIIEMEHT, CIIOCOOHBIA €ro 3aMeHUTh (T.e. OTKa3alu Bce 7 3JeMEeHTOB). OTKa3 CHUCTEMBI
HACTyTMaeT TOr/a, KOTJla €e HEHCIPAaBHOCTh JUTUTCS HE MEHbIe BpemeHu 77, P{n < x} = H(x). Ilyctp

md ()= [ [ ¥'d G,(x +u)dH (u).

st 9TO# cUCTEMBI COCTOSTHUE JIEMEHTOB CHCTeMbI V(z) mipu ycioBuu B(t,z) u z € UP onHo3HayHO

OIpeACIIICTCA HOMCPOM I OCHOBHOI'O 3JIEMEHTa B MOMEHT Z. HpI/I 6I)ICTpOM BOCCTAHOBJICHHUHM B
CTallMOHAPHOM PCIKUME pa6OTI)I CUCTEMBI

Pl =m Y m,;

jeln
Az|it)y=1/m;
g~ TT emg () /(n=1)!.

J#j=ln

Wraxk, Mbl oxy4yuiau reopemMy 9.1.
Teopema 9.1. lng cucTeMbl n U3 1 C HEHArpy>KEHHBIM PE3epBOM U Pa3HOTHIIHBIMU 3J€MEHTaMH, C
onHoit PE n naucnunianHoi BoccTaHOBIEHUs! d =d, npu ObBICTPOM BOCCTAHOBJICHUU B CTAl[IOHAPHOM

peKIMe

Pir, 2 x}~exp{-fx},j 21, ©.1
rac

B= ZH Ckmi(}?il)(n) /[(n—1)! Zm,] (9.2)

i=l,n k#i I=1,n

B 3aximrodeHne aBTOp BBIpaXkaeT TIyOOKyro OnaromapHocTh mpod. B.B.PeikoBY 3a mposBIEHHBIHA
UHTEpeC K paboTe U ero 3aMeyaHus.
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AHTU-TEPPOPU3M:
PASMELLEHUE 3ALLIUTHbLIX PECYPCOB.
YACTDb Il. BETBALWAACA CUCTEMA

Hrops Ymakos
Can-J{uezo, CIIIA

Yacte II. BerBamasicst cucrema

AHHOTALIUA
Hpe}lCTaBJ’IeHa KOHICTIIHA ONTUMAJIbHOTIO pacnpeacCiCHUA 3allUTHBIX PECYypCOB MPOTHUB
TEPPOPHUCTHYECKMX aTaK. B MpeanonokKeHuu HEOMPEAEIEHHOCTH HAMEPEHUH TEPPOPHUCTOB
npeajaraeTcss MUHUMAKCHBI KpuTepuid. [IpemmaraeTcst neneBas QyHKIMS JUTsl TPOBEICHUS
aHaJIn3a TuIla «CTOI/IMOCTL—B(1)(1)6KTI/IBHOCTI))>. HaHHaH pa60Ta SABJIACTCA HNPOAOJDKCHUEM
pa6otsl [Ushakov, 2006]

I. BBEJIEHUE

3ammTa CTpaHbl OT TEPPOPUCTHUECKUX aTaK HE MOXKET OBITh YCIICIIIHO pelieHa 0e3 MpoBeIeHUs
aHayM3a TUNa «3QQHEKTUBHOCTH-CTOMMOCTBY, MTOCKOJIBKY JIFOOBIE PeCypChl B PEaTbHOCTH OKa3bIBAIOTCS
OTPaHUYCHHBIMH, YTO HEM30EIKHO MPUBONT K 33/1a4€ UX PAIllHOHAIBHOTO pacnpeaeneHus. OCHOBHOM
npo0JIeMOii, BO3HUKAIOMICH MTPH MAaTEMAaTUYECKOM MOJICITMPOBAHUH, SIBJISIETCS TUTAHTCKAS
pPa3MEepHOCTD 3a/1a4H.

OpHako cpasy ke 3aMeTUM, YTO 3ajjada JOMyCKaeT JEKOMITO3UIIHIO i HePAPXUUECKOE
nocTpoeHue MoAenu. Bes cuctema 3anuimaeMbix 00bEKTOB CTPAHBI MOXKET OBITH MPEICTaBIeHA
HepapXUIeCKON BETBSIICHCS CTPYKTYpOH C alTATUBHON II100aIbHON 1IETIeBON (PYHKITHEH.
[Ipennaraemsriiit Metoxa 6azupyetcs Ha [Ushakov, 2005; Gnedenko & Ushakov, 1995; Ushakov, 1994).

[Tpemaraemplit METO MpeIIOaraeT UCIO0JIb30BaTh B KAUECTBE BXOIHBIX TAHHBIX SKCIIEPTHbIE
OIICHKH CIIEIIHAIIUCTOB MO0 OOPHOE C TEPPOPHIMOM.

I1. OIMCAHUE YPOBHEM 3AIIUTHI

Kak 6110 moruepkuyTo B Yactu I, aHTH-TEppOPUCTHUECKUE MEPBI MOTYT OBITH pa3/IeICHbI HA
TPH OTHOCUTEIFHO HE3aBUCUMBIX YPOBHS, ()YHKIIMOHUPOBAHHE KOTOPBIX MOXHO YCJIOBHO MPE/ICTAaBUTh
B BUJIE TPEXYPOBHEBOTO «PEIIETa»: YEM HUXKE YPOBEHB, TEM BBIIIE €T0 pa3pemaronas ClioCOOHOCTHY.

= == === = B ===
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[Tocne mMOMOOHOTO TMPOCEWBAaHUSI IMIAHCHI TEPPOPHUCTAM MPOHUKHYTh HA TPETHH YpPOBEHb
(HeTIOCpeICTBEHHBIE TTOTCHIIMAILHBIC OOBEKTHI ATAKH) CTAHOBUTCS OYEHB HEOOJIBIIION.

i aoe e e 6B Drtadira Tl adhoe e aBanaas]

i 4 i

JlocTaTOYHO aZeKBaTHOM MaTeMaTUYEeCKOW CTPYKTypOM, ONMChIBarOlIel MOJO0OHBIN mpolecc,
MOJXKET CITY’KUTh TaK Ha3blBaeMasl «BeTBsIIasAcCs cucreMa» [Gnedenko & Ushakov, 1995].

(1,1 (1,2) (LNI} LI ... . s . (V1) (N,2) (MNN]

1. ONPEJAEJEHHNUA U ObO3HAYEHUWUA

B nensx yoBcTBa YT€HHUS , MBI BKpaTile TOBTOPUM 0003HaueHUs npuBeaeHHble B Yactu [:

F; (¢ ;) — cyObeKTHBHAsI BEPOSTHOCTh TOTO, YTO OOBEKT OYAET 3allUIleH MPOTUB TEPPOPUCTUUCCKON
aTaKu THUMA [ TPU yCIOBHH, YTO Ha TOCYJAapCTBEHHOM YPOBHE OyIyT 3aTpavyeHbl PecypCchl ¢ ; IUIs
NpEeJOTBpAIleHUs MMEHHO 3Toro Tuma aTtakd. (UYTo MaHHBIM THUN 3alUTBI MOXET U HE ObITh
IPUMEHUMBIM K KaXJIOMYy H3 3allMIIaeMbIXx OOBeKTOB. Hampumep, MOBBIIIEHHBI KOHTPOJIb 3a
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HOKynKOﬁ-HpOHa}KCﬁ XI/IMHKaHeﬁ, KOTOpPbIC MOTYT OBLITHL HCITOJIL30BaHbI AJIs1 IIPOU3BOACTBA 60M6,
MPAaKTUICCKU HUKAK HE CBA3aH C BO3SMOXXHBIM 3aXBaTOM CaMOJICTa Fpa}KHaHCKOﬁ aBI/IaJ'II/IHI/II/I.);

P (o P — cyOBEKTHUBHASI BEPOSATHOCTH TOTO, YTO OOBEKT B pErMOHE k OYIET 3alUINEH OT aTaKu
THIIA § IPH YCIIOBUM, YTO B JAHHOM PETHOHE 3aTpaucHo o *) pecypcoB Ha 3aiuTy OT
JaHHOTO THIIA aTaK;

(k,)) — o0o3HauyeHue 7151 00BEKTA j B pETHOHE £;

LED (A D) cybbekTHBHAs BEPOSITHOCTD TOTO, 4TO OOBEKT ( /, k) GyIET 3alIMIICH OT aTAKH THIIA
i TIpY YCJIOBHH, YTO UMEHHO Ha 3aIlUTy JAHHOTO OOBEKTA 3aTpaueHbl CPEJCTBA B
o0neme A ,-(k’j) ;

kD) — “Bec” (wm “mepa nmpuopurera’) o0bekTa (7, k);

G, — MHO’XECTBO BCEX BO3MOXKHBIX TEPPOPUCTUUECKUX aTaK MPOTUB 00beKTa (k,f);
N — o0I11ee Yncio 3auIaeMbiX 00bEKTOB B PETHOHE £;

N - o0Iee YucIo pernoHOB B CTPAHE.

IV. MOJIEJIb CUCTEMBI C BETBAIIENACS CTPYKTYPOU

Kak mokasano B [Gnedenko & Ushakov, 1995], ecnu mis kaxxaoro o0beKkTa HIKHETO YPOBHS
BETBSIICHCS CHUCTEMBl BBIOpAaH WHAMBUAYAJIbHBIA TOKa3aTelb 3PGEKTUBHOCTH (WM Ke oOpaTHOU
BEeITMYMHBI — ymiep06a), To moiaHas 3Gp(HEKTHBHOCTh CHCTEMBl MOKET OBITh HalJeHa, KaKk CyMMa 3THX
WHIUBUYAJIBHBIX MOKa3aTeleld. DTO CleIyeT U3 OJHON M3 OCHOBHBIX TEOPEM TEOPHUU BEPOSTHOCTEMU:
MaTEeMAaTUYECKOE OXHMJIAHUE CyMMBI CIYYalHBIX BEJIMYMH PAaBHO CyMME MAaTEMAaTHYECKHX OXKHIAHHMA
ITHX CIIyYalHBIX BEJIMYHH, HE3aBUCHMO OT TOTO, 3aBUCUMBI OHU WJIH HET.

JleiicTBUTENBHO, BBEIEM TaK Ha3bIBAEMYIO MHAUKATOPHYIO (PYHKIIMIO THUTIA:
[ 1, ecit TeppopucTHUecKast aTaka Ha 00bekT (k, /) coBepiicHa,
Sk, =1

0, TpPOTHBHOM CiIyyYae.

o . k,j o
Cnyuaiinble notepu Ui 00beKTa (k, j) paBHBI O j) W%y nonHoe 3HAYCHHE CITyYaHHBIX
oTeph PaBHO

N '
22w

k=1 j=1
Maremaruueckoe OXHJIAHUEC CYMMBbI CJ'Iy‘IafIHBIX BCJIIMYHH OIIPEACTIACTCA KaK

W total {F5, Vi SO, 1< k< N; LD, 1< j < my =

N Nk N Nk
E{é(k’n }W(k,j> :ZZ(I _P(k,j))W(k,j) 3T k)

1 j=1 k=1 j=1 k=1 j=I

ESY D 8 W =3

N Nk N Nk
k=1 j=1 k=

(1)
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rae P50 =1- (1- F&) . (1= s%9) . (1= L*), 1, B cBOIO OUEpe 1B, ITH BETHUNHBI ONPE/IEISIIOTCS KaK
F&) =min { F;, ie Gi}; S =min { S;, i€ G,}; L7 =min { L; }.

WupiMu cioBamu, popmyina (1) maet HaM MOTHOE 3HAYEHHUE CPEHHUX TIOTEPH C YUYETOM «BECOBY
00BEKTOB.

B 10 ke BpeMs, HEeTPYTHO BBIYUCIIUTD U TOJIHBIE 3aTPATHI, Crotal , CBSI3AHHBIC C 3AIIUTHBIMH
MEpaMHU Ha BCEX YPOBHSX:

Crout {@1, Vi; 5/, 1SE<N; A4 1< <me b= + Ziaﬁ') - Ziizgk«”
Vi

Vi k=1 Vi k=1 i=1

)

Nwmes nenessie pyHkmn (1) u (2), MOXKHO chOpMyITUPOBATH JIBE CIETYIOIINX
ONTUMHU3AaLMOHHBIX 33JJa4H:

IIpsmas 3amaya:
OnTuUManbHO Pa3MeCTUTh BCE MUMEIONIHECS pecypchl, 4ToObl rapantupoBath MUHUMAJIBHO
BO3MOJKHBIH OJKHIAEMBbIH yIIepo OT TEpPOPUCTHUECKUX aTaK, T.€.

min { WrTotal | CTOtal }

O6paTtHast 3aj1a4a:
OnTuMaiabHO Pa3MECTUTh BCE HUMEIOLIUECS PECYpPChl, YTOOBI TapaHTUPOBATH JIOMYCTHUMBII
YPOBEHb OXHUIAEMBIX TMOTEPh OT TEPPOPUCTUYECKHUX aTaK 3alUIIAaeMbIX OOBEKTOB IMPHU
MUWHUMAJIBHO B03MOHBIX CyMMapHbIX 3aTparax, T.€.

min { Crotal | Wrotal }

Pemenne 3tux mpo6iemM ¢ MOMOIIBI0 METOAa HAMCKOPEHIIETO CITycKa JEMOHCTPUPYETCS HUXKe
Ha IPOCTOM WJUTIOCTPATUBHOM IPUMEPE C BHIMBIIIJICHHBIMHA JAHHBIMH.

V. IPUMEP: SAIIIUTA ITIOCOJIBCTBA

[Iycth uMeroTCS TpH TIOCOJNBCTBA B HEKOTOpoil reorpaduueckoir 3oHe. IloconbcTBa
XapaKTepU3YIOTCs Pa3IMUHBIMU MOKA3aTeNsIMU MPUOPUTETHOCTH («BECaMM») U pa3MeIlleHbl B CTpaHax,
XapaKTepPU3YIOIIUXCS Pa3IMYHBIM K OTHOIICHUSM K WX cTpaHe. [Ipobimema cOCTOMT B 3allIMTe ITHUX
MOCOJIBCTB OT BO3MOXKHBIX TEPPOPUCTHUYECKHUX aTak. JlomycTuM, 4TO 3aJaHbl HEKOTOPHIE JOCTYITHBIE
pecypchl (GUHAHCOBOTO XapakTepa, BOOPYKEHHasl OXpaHa, CPEe/ICTBA 3alIUTHl U TIp.). Bompoc cTout o
TOM, KaK HawIydlIuM oOpa3oM pa3MecTHTh HMMEIOIIMECs CPEJACTBAa JJS 3alUTHl BCEX IOCOJBCTB
OJHOBPEMEHHO?
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OBO3HAYEHHA:

- Ouens Bpa:kaedHAN CTPaHa
i Bpa:xaednana crpana

Heiditpanenaa crpana

®

JlommycTrM, 9TO SKCIIEPT MO aHTHU-TEPPOPU3MY COOOIIHI CIEAYIOUINE XapaKTePUCTUKH O TPEeX
paccMaTpHUBAEMbIX OCOIBCTBAX:

IToconbscTBO-1:

«Koaddurment Baxnoctn» (mpuopuret) = 10; cTeneHp 3alIUIIEHHOCTH 0€3 CTeHalbHbBIX
. 5 (0

MEpOIPUSITUI P, =0.5.

3auIeHHOCTh 0.910.951]0.97|0.99

3arpartsl (B yci. enn.) | 2 4 7 12

[ToconbcTBO-2:
«Koadpurmuent BaxxHOCTH» (IPUOPUTET) = 3; CTENEHB 3alIUIEHHOCTH 0€3 CIeIHaTbHBIX
meponpusituii P, ”=0.8.

3amuIeHHOCTD 091095]09710.99

3arpatsl (Bycn. en.) | 1 2 4 8

[ToconbcTBO-3:
«KoaddurmeHnT BaxxHOCTH» (TIPUOPUTET) = 7; CTENEHB 3aMUIIICHHOCTH 0€3 CIeITHaIbHBIX
MEpONPUSITUI P9 =0.9.

3aluIeHHOCTh 0.91095]09710.99

3arpatel (Byci.en.) | 0.5 ] 1 2 5

«KOB(I)(I)I/IIII/IGHT BAXXHOCTH» ITOCOJILCTBA MOKET 3aBUCETh OT pasMepa IMoCOJIbCTBA (qncna
COpr,HHI/IKOB) U OT MOJIUTHYECKON BaXKHOCTH.

Pelenue:

Boruncinum «JIMCKpeTHbIE TPaJUEHTh» (OTHOCUTEIbHBIE MPUPAIICHHS 3allMIICHHOCT Ha €IUHUILY
3aTpar) AJsl KaXJI0To MOCOILCTBA k 10 (hopMmyie:

- 118 -



NCCJICA0OBAHUA

HanéxHOoCTb: BOIIPOCHL TEOPUU U NPAKTUKH

No.3, centadps 2006

() (s-1)
7(3) _ Pk _f)k
k7 ~(s) (s-1) 2
Ck _Ck
rue W, = «xo3(pPULIUEHT BaXKHOCTH» MOCOJIbCTBA K,
Pk(s) = ypOBEHb 0E€30MacHOCTH Ha Iare s Mpolecca MOBBIMICHUS 3aIUIICHHOCTH JTaHHOTO

MTOCOJILCTBA,

C]is) = 3aTparthbl, CBA3aHHBIC C NOCTHXKCHUEM YPOBH: 3allIUIINCHHOCTH HA 1Iare s.

[TocTpouM crieayronryo TabIuIty U HaX0XKIEHUS ONTUMAIBHOTO Pa3MeEIIeHUsI PECypCOB JUIst

3alIUTBI BCEX TPEX MOCOJIBCTB OT BOBMOKHBIX TCPPOPHUCTUICCKUX aTaK.

Ne 3HaveHNe «IPAJUEHTA) HA KAMKIAOM ATy
mara ITocoabcTBO-1 ITocoabcTBO -2 ITocoabcTBO -3
1 10.0.9;0.5:2 3~0'9_0'8=0.3 7.0.95—0.9:0‘35
2 .95-0. .95-0. 97 -0.
10-—095 09=0.25 3-—095 09=0.15 7-—097 095=O.14
4-2 2-1 2-1
3 10. 0.97-0.95 _0.067 | 3. 0.97-0.95 .03 7. 0.99-0.97 .07
7-4 4-2 5-3
— _ %
4 10. 0.99-0.97 —0.004 | 3. 0.99-0.97 — 0.0015
12-7 8—-4

Now number all cells of the Table by their decreasing:

Ne Hymepanusi «rpaieHTOB» 10 YObIBAHHIO
mara ITocoancTBo-1 ITocosbcTBO -2 ITocoabcTBO -3
1 1 3 2
2 4 5 6
3 8 9 7
4 10 11 *

HpI/IBeI[eHHBIe B OTOH Ta6J'II/II_Ie HOMCpPA MNOKAa3bIBAIOT, B KAKOM IMOPAOKE Hanboiee pannuoHaJIbHO

HOBBIIATH 3alIMIIICHHOCTD ITOCOJIBCTB. OKOHYATIIbHEIE Ppe3yJibTaThl MIPUBCACHBI HUXKE.

HauansHbIE TOTEpH OT aTak Ha BCE TPHU NOCOJILCTBA PABHBI
w? =W (1 -P,?) + Wp-(1 =P,?) + W;-(1 =P,¥) =-10-0.5 + 3-0.2 + 7-0.1 = 3.8.

(10)

ITocne 1-ro mara (ymydmaercs 3ammra Toibko [loconscTs-1, y KoTOporo Hanbonsuiee
3Ha4Y€HHE OTHOCUTEIBHOIO NpUpaIeHs] PYHKINHU 3aIUIEHHOCTH) CyMMapHbI€ IIOTEPU PABHBI

WWroa = Wi-(1 =Py ) + Wa-(1 =P;?) + W3-(1 =P,?) =-10-0.1 + 3-0.2 + 7-0.1 = 1.8,
a 3aTpa4yeHHBIE PECYPCHI COCTABIISIIOT V=2 €IUHUIIBI.

(11)

[Tocne 2-ro mara cyMMapHbi€ TOTEPU PABHBI

WP roar = Wi-(1 =P/ + Wy (1 =Py + W3-(1 =P, ) =10-0.1 +3-0.1 + 7-0.1 = 1.5
a 3aTpadeHHbIe pecypes cocTapisor C2 =2+ 1 = 3.

(12)

[Tocne 3-ro mara cymMMapHbie IOTEPU PaBHBI

W toa = Wi-(1 =P1Y) + Wo-(1 =P, V) + W3-(1 =P,") =10-0.1 + 3-0.1 + 7-0.05 = 1.15
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a 3aTpaveHHbIe pecypchl coctaBimsitor CO =2+ 1+ 1 =4.
(13) [Tocne 4-ro mara cyMMapHbie IOTEPU PaBHBI

WY Lo = Wi-(1 =P1@) + Wo-(1 =P, V) + W3-(1 =P;") =-10-0.05 + 3-0.1 + 7-0.05 = 0.9

a 3aTpayvyeHHbIC PECYPChI COCTABIISIOT CP=2+1+1+2 =6.
(14) [Tocne 5-ro mara cymmapHsble IOTEPU PABHbI

W 1o = Wi-(1 =P1?) + Wa-(1 =P,?) + W3-(1 =P,V) =-10-0.05 + 3-0.05 + 7-0.05 = 0.75

a 3aTPadYCHHBIEC PECYPCHI COCTABIIIOT CO=2+1+1+2+1="7.
(15) [Tocne 6-ro mara cyMMapHbI€ IOTEPH PaBHBI

W o = Wi-(1 =P?) + Wy (1 —P|@) + W3-(1 =P;?) =10-0.05 + 3-0.05 + 7-0.03 = 0.61

a 3aTpayvyeHHbIE PECYPCHI COCTABIISIOT CO=2+1+1+2+1+1=38.
(16) [Tocne 7-ro mara cymMMapHbie IOTEPU PaBHBI

Wt = Wi+(1 =P ) + Wyo(1 =P,@) + W3-(1 =P;?) =10-0.05 + 3-0.05 + 7-0.01 = 0.47

a 3aTpayvyeHHbIC PECYPChl COCTABIISIOT CP=2+1+1+2+1+1+2=10.
(17) [Tocne 8-ro mara cyMMapHbI€ TOTEPU PaBHBI

W o = Wi-(1 =P1®) + Wa-(1 =P,?) + W3-(1 =P;?) =.10-0.03 + 3-0.05 + 7-0.01 = 0.37

a 3aTpadyeHHbBIC PECYPChI COCTABIISIOT C¥=2+1+1+2+1+1+2+3=13.
(18) [Tocne 9-ro mara cymMMapHbie IOTEPU PaBHBI

W Lo = Wi-(1 =P1®) + Wo-(1 =P,®) + W3-(1 =P,¥) =10-0.03 + 3:0.03 + 7-0.01 = 0.31

a 3aTpaydyeHHbIC PECYPChI COCTABIISIOT CP=2+1+1+2+1+1+2+3+2=15.
(10) ITocne 10-ro mara cymmapHble IOTEPH paBHBI

W fo = Wi-(1 =P1®) +W-(1 =P,®) +W5-(1 =P,*?) =10-0.01 + 3-0.03 + 7-0.01 = 0.21
a 3aTPadyeHHBIEC PECYPCHI COCTABIIIOT C=2+1+1+2+1+1+2+3+2+5= 20.

[Ipomecc mocTpoeHUsT 3aBUCUMOCTH A(P(HEKTHBHOCTH-3aTPATHl  MOXET OBIb IPOIOJDKEH.

I'padpuueckoe npencraBnenue 3Toi GyHKINUN TPUBEIACHO HUXKE.

34 ﬁ'

243 \

1 15 \
0s \\

11 ]
13
15
17
19
2

3akiroueHune

JlaHHBIN METOJ MOXET OBbITh MCIOJIB30BAH JUISl TUIAHUPOBAHUS MEPONPUATUI MO YIyUIICHUIO
3alIUTHl OOBEKTOB MPOTUB TEPPOPUCTHUECKUX aTaK, OLEHKH 3(P(EKTUBHOCTU 3TOM 3alUTHI U IS

ONTUMAJILHOTO (PallMOHAIFHOTO) pacIlpeleNieHns 3aTpaT Ha 3alluTy OOBEKTOB.

HeKOTOpI)Ie niacu

TAKOTO pojaa OBLIM HCIOJIb30BaHbI TMPH MOJCIUPOBAHUHM JKUBYYeCTH EIuHONW DHepreTudeckoi
cucrembl CCCP [Rudenko & Ushakov, 1979; Kozlov et al., 1986; Rudenko & Ushakov, 1989].
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JanbHeiiiee pa3BUTHE MPENJIOKEHHOTO METOJNA M aHadu3 pa3jMyYHBIX CIEHApUEB AaHTHU-
TEPPOPUCTHUECKON OOpbOBI MOXKET naTh Oonbmio 3ddexr. JlaHHBIA METOX JIETKO MO3BOJISET
BKJIFOYATh HOBBIE (DaKTOPHI, HOBBIC CIICHApUH, a paboTa B pexxume “what-if” Mo3BOIUT HAUTH TUTFOCHI U
MUHYCHI Pa3INYHBIX CTPATETHH 3allUTBl OT TEPPOPHCTHUYSCKHX aTak M OOpBOBI C TEPPOPH3IMOM C
YYETOM BO3MOKHOCTEH MOTEHIIMAIBHBIX BParoB.
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PE®EPATUBHbIA AHATUTUYECKUNA OB30P

Haubosee 3Ha4yuMbix nybnukayuli 8 ome4yecmeeHHOU U 3apybexHou
nepuoduKe o eonpocaMm OUEHKU HadexxHocmu rnpoldyKuyuu, 8 mom
yucse 06 onbime npednpusimul

Baagumup Hlnep,
k.m.H., akaoemux AIIK P®, Mockea, Poccus

BBenenue: Hage:xxHocTh — Ka4ecTBO BO BPEMCHH.

CamMoe mpocTO€ W TOHATHOE OMpPEIEIICHHE TOTO, YTO TaKOe HANEKHOCTh, (DAKTHUECKM NaHO B
3aroJIOBKe 3TOTO paszzena. JlelcTBUTENbHO, HaIe)KHOCTh — 3TO CBOMCTBO 0OBEKTA COXPAHATH KA4eCTBO
BO BPEMEHH, TJIe O]l KAYeCTBOM IMOHUMAETCS BCE, YTO YAOBJICTBOPSIET HYXKIbI MOTpeOuTens. Takum
00pazoM, OYEBHJIHO, YTO HAJACKHOCTh — BAKHEHINAs XapaKTEPHCTHKA JIFOOOTO OOBEKTa, TMOCKOJIBKY
HaM BCEr/Ia Ba)KHO, YTOOBI TO, YTO MBI TOJy4aeM OT HAIIerO MOCTaBIINKA, OBUIO KaYeCTBCHHBIM HE
TOJPKO B MOMEHT MNpHOOpETeHHs, HO B TEYCHHE BCETO CpPOKa, KOTAa MBI OyAeM 3TOT OOBEKT
UCIIOJIb30BATb.

B nanHoMm 0030pe peub MOHIET O HAASKHOCTH HMPEUMYLIECTBEHHO TEXHHUUECKHX OOBEKTOB OT
IPOCTBIX 3JIEMEHTOB U 0 CIOXKHBIX cucTeM. [Ipu moAroToBke JaHHOTO MaTepuana OJHUM U3 TPYIHBIX
BOIIPOCOB, CTOSIBIIMX MEpPEJ] aBTOPOM, OBUI BOIPOC O MEPHOJE BPEMEHM, KOTOPBIM LIEIECO00pa3HO
paccMoTpeTh. SIcHO, yTO M00O€ pelIeHHe MO 3TOMY BOMpOCy, Obulo OBl Bcerjga CyObEKTHUBHBIM,
MO3TOMY $I PEUIMJI OTPAHUYMUTHCA NPUMEpPHO 10-JIeTHUM NEepUOJOM Ul KYPHAJIBHBIX CTaTed M
nyOJIMKauii B IepHOANYECKOM MeyaTH, ¥ NepuoJoM MPUMEPHO B 15 neT — 11 KHUr, MoHorpaduil u
IpoYnX MarepuanoB (yHIaMEHTaIbHOrO xapakrtepa. Ilpm sTOM 4 crapancs HpuAepKUBaTbCS
yKa3aHHbIX OTpaHMYEHUH, HE cuMTas MX aOCOMOTHBIMU JorMaMu. CChUIKM Ha HEKOTOpbIe KHHUTH U
0030ppl, HE MOTEpSBIIME Ha B3IVISA aBTOpPa CBOEH aKTYaJbHOCTH [0 HACTOSILEr0o MOMEHTaA, 4,
€CTECTBEHHO CTapaJiCsl IPUBOAMUTEH HE3aBUCUMO OT rojia UX My OIuKauHm.

besycnoBHO, JaHHBIN 0030p HE SBISIETCS BCEOXBATHIBAIOIINM, XOTS ObI TOTOMY, YTO, KAK H3BECTHO,
"Henb3s 00BATH HeoOBsATHOE". Tem He MeHee, aBTOP MOMBITAJICS OCBETUTh OOJBIIYIO YacTh BOIPOCOB,
paccMaTpuBaeMBIX B CTAHIAPTHBIX Kypcax IO TEOPUH U MPAaKTUKE HAJEKHOCTU. 32 BCE HEJOCTATKU
JAHHOTO 0030pa, B TOM YHWCJIC 332 MPOMYIICHHBIC Ba)KHbIC PA0OTHI M HE OTMEYCHHBIC UMEHA, aBTOP
NPUHOCHUT CBOM M3BUHEHUs. Bce OIEHKM TeX WM HHBIX pabOT SBISIOTCS HCKIIOUUTEIBHO JTUYHBIM
MHEHHEM aBTOpa. Bce 3amMedaHuss W TPEIOKEHHS JIIOOOro Xapakrepa OYIyT TPHHATHI
Onmaro>kenaTenbHO, M 10 BO3MOXXHOCTH BKJIIOYEHBI B TOCICAYIONIUE ITyOJUKAllUU, €CIH, KOHEYHO,
JnaHHas paboTa OyJeT MPOIOKEHa B TOM WJIM HHOM BHUJIE.

T.K. HAIE)KHOCTH JTIOOBIX OOBEKTOB 3aKJIa/(bIBAETCS Ha CTAAMU UX Pa3pabOTKU M U3TOTOBJIECHUS, TO
HavaTh 3TOT 0030p cienoBano Ol ¢ pazmena "KadgectBo". OmgHAKO s JOBOTBHO OBICTPO OTKA3ajiCs OT
aToi MbIcH. [IprmanHa odeHp mpocTa: 0630p 1o mpodireme "KadecTBo" B HECKOIBKO pa3 MPEBBICHI OBl
BCIO OCTaJbHYI0 4acTb. [103TOMy Bce BOMpOCHI, CBSI3aHHBIE C KayeCTBOM MAaTEpUaJIOB, KaueCTBOM
IPOEKTUPOBAHMsI, KAYECTBOM M3TOTOBJIEHUSA U T.J. U T.II., OCTAIOTCA 3a OOPTOM Hailero mniaaanus. [ns
3aMHTEPECOBAHHBIX B JTHUX IMpoOJeMax uuTaTeled MpuBeny HecKoiabko cchuiok [B1-B4]. Ocoboe
BHUMaHue s Obl 0Opatmi Ha paboTy [B1] - u3dbpannsie rnasel u3 MemyapoB b.J. 'ybanosa "Tpuymd u
Tpareaus "OHeprun'. Pa3mbinuieHus riaaBHOro koHcrpykropa'. Ha Mol B3rysan, 310 3aMedarenbHbIN
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MaTCpHral O HAIICM OTCYCCTBCHHOM OIIBITC TOTO, KaK 3aKJIaJAbIBACTCA HAACKHOCTDL IIPpH pa3pa60TKe, u
KakK OHa 00ecreuynBaeTcs BIIOCJICACTBUM IIPU U3TOTOBJICHUH, IOBOAKE, UCIIBITAHUAX U T.A.

CBepxkpaTkasi HCTOPHYeCKas CIPaBKa.

HapnexxHocTh kak Hayka MOSIBUJIACh, U Hadaja OBICTPO pa3BUBATHCS B CEpEAMHE IMPOILIOrO BEKa.
OCHOBHOIl BKJIaJl B pa3BUTUE OTOTO OTHOCUTEIBHO HOBOIO HAy4YHOIO HAampaBlIEHUsS BHECIH
cnerramuctel CIHA u CCCP. B 60-x +70-X rogax MmosiBUIKCH NepBble (PyHIAMEHTAIbHBIE KHUTH TIO
Ha/IeKHOCTH, MHOTHE U3 KOTOPBIX O CHX IOp MOTYT OBITh PEKOMEHIOBAHBI JJISI OCHOBATEIHLHOTO
3HaKoMcTBa ¢ mpeameTom [1-7]. B 1969 rony Hauan uzgaBarbes skypHan "HaaexHOCTH U KOHTPOJIb
kauectBa" (manee HKK), xoTopsiii MHOTO JIeT Bbixoamn kak [Ipunoxkenue k xyprHany "CTraHmapTsl U
KayecTBO", a celyac cTajd CaMOCTOSTENBbHBIM JKypHaJIOM, H3JaBaeéMbIM 0]l Ha3BaHueM "Merojbl
MmeHekMeHTa kadectBa" (manee MMK). Tounee, MMK - 310 mnpeemHuk >xypHama HKK,
W3MEHUBLIMNICA B COOTBETCTBMM C M3MEHEHHEM BPEMEHHU (HO 00 3TOM Mo3AHEe). ABTOp HE UMeEeT
BO3MOKHOCTH 00CYX/1aTh 37IeCh MPOOIEMbI, CBSI3aHHBIE C HCTOPHUEH HaJIe)KHOCTH, TIO3TOMY BBIHYKAECH
OTOCJIaTh YHATATEINEH K CIEAYIOMMM HanOosee OJIM3KUM K HAITUM JTHSM MaTepraliaMm.

B 1988 romy B xypHane "BecTHuk MammHOCTpOoeHHS" OBUT OMyOIMKOBAaH 0030p ABYX BEAYIIHX
COBETCKHUX CITCIIMAJIHUCTOB 110 HaJEKHOCTH: akajgeMmuka b.B. I'nenenko u a.1.H. .A. Ymakoga [8].

B 1989 rony B xxypuame HKK Opu1 omy6nvkoBaH nepeBoj; 0030pa, HATMCAHHOTO JUISl OJTHOTO W3
aBTOPUTETHEHIINX aMEpPUKAHCKMX HayuyHBIX *ypHana "Statistical Science" mox Ha3zBanuem "OG630p
COBETCKHX paboT mo HaaexkHocTh". CoOCTBEHHO 0030p ObLT omyOsinkoBaH Bo 2-M Homepe HKK [9], a B
3-M HOMepe OBbUTH NepeBeIeHbl KOMMEHTAPHH W3BECTHEHIINX 3apyOeKHBIX CHEIIMATNCTOB U OTBETHI Ha
3T KOMMEHTapuu aBTOpoB o0030pa [10]. Cmucok nmreparypbl k pabore [9] coctoutr u3z 142
HauMeHOBaHUi. [loCKONBbKY MyONMKalmus TaKOrO CIENUATBHOTO 0030pa — SBJICHHE JOCTaTOYHO
YHHUKAJIBHOE, €CTh CMBICII OCTAHOBUTHCS KPAaTKO Ha BBIBOAAX ATOW pabOTHI, TeM 0ojee YTo, ¢ OJHON
CTOPOHBI, OHA J]a€T HaM JIOCTaTOYHO OOBEKTUBHYIO KapTUHY COCTOSHUS padboT no HaxexHocTH B CCCP
B mepuoj a0 KoHma 80-X IT., a C APYroi CTOPOHBI, MBI CMOKEM BOCIOJIB30BAThCS 3TUMH BHIBOJAMH
npu 0OCYXIEHHHM CETOAHSIIHEH CHTyallud B POCCHUHCKOW HAAEKHOCTU. MTak, OCHOBHBIE BBIBOJIBI
aBTOPOB TakoBkl [9,10].

Bxnazn cOBETCKHX YUEHBIX B TEOPHUIO HAJIEKHOCTH OTPOMEH.

Cnaboii CTOpPOHOH COBETCKMX pabOT SBISIOTCS CTaTUCTHYECKOE OOOCHOBaHWUE MOACIEH u
OTCYTCTBHE TMPOBEPKH MOJENCH Ha TpaKTUKe. Psji croenuajiucTtoB HE 3HAKOM C  OJNIM3KUMH
MCCJIEeI0BAaHUAMH 3alaHbIX CIIEUUATUCTOB, HO B LIEJIOM, COBETCKHE MCCIIEJOBATENN JIyUIlle 3HAKOMBI C
3amajHoN JTUTEepaTypol Mo TemMe, 4eM Hao0opoT. EcTh HEKOTOpOe OTCTaBaHHE B 00JACTH MPUMEHEHHS
0alieCOBCKMX METOZOB B HAJEKHOCTH. ECTb OUYEHb Ba)KHBIE PE3YJIbTAaThl B TEOPHH YCKOPEHHBIX
HCIIBITAHUM.

CTOHUT MOAYEPKHYTh, YTO JAHHBIA 0030p OBLI OPHEHTHUPOBAH HA aHAIHM3 MATEMAaTHYECKH CTPOTHX
paboT Mo HaJIEKHOCTH, U aBTOPHl HE pPAacCMATPUBAIM MHOTOUYUCIEHHBIE PabOTHI MO MPUKIATHBIM

mpoOemMaM HaJleKHOCTH.

B 2001 roay B )xypHaize MMK oauH n3 0CHOBOIIOJIOKHUKOB COBETCKOM IIKOJIBI HaAEXKHOCTH M. A.
VYimakoB omyOMuMKOBaJd MaTepHalbl CBOErO BBICTYIUICHHS Ha MEXKIYHapOTHOH KOH(EpeHIHH
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"MaTeMaTu4ecKie METOABl B HAJEKHOCTH', KyJa OH OBUI TPUIJAIIEH B KayeCTBE JIEKTOPA,
OTKPBIBAIONIETO TUICHApHOE 3acefaHune KoHdepeHuu. Jlokman HaswsiBaeTcs "HamexHOCTh: mpomuioe,
HacTosimee, Oymymiee", W, HACKOJbKO MHE W3BECTHO, 3TO TMOCICTHUN IO BPEMEHH 0030p Tpodiiem
HAQ/IOKHOCTH, ONMYOJMKOBAaHHBIA HAa PYCCKOM SI3bIKe, M CJICIIAaHHBIA CIENHAINCTOM, YpPOBEHb
KOMITETEHTHOCTH KOTOpPOTO B 3TOM BOIpOCE TpHU3HAH BCeM MHUPOBBIM cooOmectBoM [11]. Jlokman
VYmakoBa omyOIMKOBaH B 2-X HOMepax >KypHaJia, CIIUCOK JINTEPaTyphl COACPKUT 95 HAaMMEHOBAHHM, U
Cpeau MHOTHX MHTEPECHBIX MBICIEH aBTOpa, s XOTesl Obl 00paTUTh BHUMaHHE Ha IepedyeHb mpodiem,
elIé TOJbKO OXuaiux no Muennto M. A. YuiakoBa cBoero peuieHusi. Bot onu:

HanexHocTh MporpaMMHOTO 00CCTICUCHHS,

Hanexunocts "denoBedyeckoro gakropa';

HanexxHoCcTh YHUKANBHBIX U3JENH;

HanexHocTh II00aIbHBIX TEPPUTOPHATLHBIX CUCTEM;

HanexxHocTh TeneKOMMYHUKAIIMOHHBIX CETEH;

HanexHocTh pa3BHBAIONITUXCSI CHCTEM;

HanexHOCTh 31EMEHTOB ¢ HECKOJIBKUMU COCTOSHUSIMMU;

[TpobGnemMbr MOZETUPOBAHUS HAIC)KHOCTH;

[TpoGaeMbI ONTUMU3ANNH HEPAPXUICCKUX CHCTEM 3aIlacHBIX YacTel;
[TpoGembl cucTeM, He OMUCHIBAEMBIX MOJICTISIMU C TUCKPETHBIMU COCTOSIHUSIMU;
[TpoOneMbl yCKOPEHHBIX UCTIHITAHUH Ha HAJICKHOCTD;

[IpoGnembl arperupoBaHusl JaHHBIX O HA/IEKHOCTH.

K sromy nepeunto aBTopa, s ObI JOOABHI BHITEKAIOIIYIO M3 €r0 CTaThbU 00ECIOKOEHHOCTh SIBHBIM
MaJICHUEM CpEIHEro ypoBHS MyONMMKalMii 1O HAASKHOCTH B YCIOBHSX BCe Oonblieit
KOMMEpLUAIN3alU1 HAYKH B MUDE.

Hakonen, mo ciywaro robunes xypuara MMK Bce ToT k¢ M.A YmakoB omyOnamKoBan CBOU
BOCIIOMHMHAHUSI O TOM, KakK 3apokaaiach W pa3BuBaiach HajexHocTh B CCCP [12]. bauzkuii no
COJIEpIKaHUIO MaTepHall MOABUIICS COBceM HeflaBHO B MuTepHeTe. D10 BhicTyieHue M.A. YiakoBa Ha
MeXTyHapoJHOM CHUMIIO3UYME [0 CTOXAaCTUYECKMM MOJICISIM B HAJEKHOCTH, OE30MAaCHOCTH H
noructuke (The International Symposium on Stochastic Models in Reliability, Safety, Security and
Logistics = SMRSSL'05). Cummnozuym mpomren B ¢eBpaine 3toro roga (2005) B Uspawmne u Obi1
MOCBSLIEH NaMATH BblAatouierocs: coperckoro Hanexnuka X.b. Kopnonckoro. [okmnan YuakoBa — 31o
BocriomuHanus o b.B. I'negenko, X.b. Kopnonckom, .M. Copune, A.b. lllope u MHOrMX Ipyrux, KTO
CO3/1aBaJ ¥ Pa3BUBAJI TCOPHUIO U MPAKTUKY HAJEKHOCTU BO BTOpoi nmonoBuue 20-ro Beka [13].

OcHOBHBbIE TEPMHHBI U ONpeAeIeHHS.

[locnennee mo BpeMeHHM M3/IaHUE TEPMUHOJIOITMUYECKOIO CTaHAApTa MO HAJEKHOCTU MOSBUIOCH B
pasrap nepectpoiiku — B 1989 roay [14]. OHo poaunocs nox pykoojctBoM wi.-kopp. AH CCCP B.B.
BonotuHa, BO3MIaBNSABIIET0 B TOT MOMEHT pabodyl0 Tpynmy IO MOATOTOBKE HOBOTO
TEPMHUHOJIOTHYECKOT0 cTaHaaprta, cozganHyro npu MHTK "Hapexnocts mammu". DTOT cTaHmapt
pOXHancsi B XOJI€ MHOTOYMCICHHBIX TUCKYCCHH, MPOXOAMBIIUX B OOJBIIOM KOJJICKTHUBE
pa3paboTYMKOB, IAe OBLITN COOpaHBI MPEICTABUTENIN OT CAMBIX PA3IMYHBIX OTPACIeH HAyKU U TEXHHUKH.
Kak Bcerga O6bIBaeT ¢ BOMpocaMy TEPMHHOJIOTHUH, CTAHIAPT MPEACTABIIT ONpe/ie/IeHHbIH KOMIIPOMUCC
B3IJIS1/I0B CIIELUAIMCTOB U3 Pa3IMUHBIX 00JIacTel, MOCKOIbKY HaJIeXKHOCTh — TEPMUH MCKIIIOUUTEIHHO
0o0Imuii, MPUMEHUMBIA MPAaKTHUYECKH KO BceMy Ha cBeTe. CTOJIb K€ €CTeCTBEHHO, YTO BpEMs OT
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BpEMCHHU TMPCANPHUHUMAIOTCA IIOIBITKHU JOIIOJHHUTH A/unu OepeCMOTPETh COACPIKAHUC OTACIbHBIX
TCPMHUHOB. B cBs131 ¢ 3TUM XOTENOCH OBI 06paTI/ITB BHUMAaHHC Ha CJICAYIOMINC HYGHI/IKaL[I/II/I.

B 1993 r. U.3. AponoB moarotoBws marepuain [15], momoraromuid mMOTpeOUTENSIM YyCTaHOBHUTH
CBSI3b MEXKJy IMOKA3aTeNIMUA HAIEKHOCTH W TapaHTUHHBIMU TOKa3aTeIsIMH Ha H3/eJHe — BOMIPOC,
KOTOPBIN PEryJIipHO BO3HUKAJ Ha 3Tale COIVIACOBAHMS TEPMHHOJIOIMUYECKOTO CTaHJapTa, U KOTOPBII
npuobpes Ha oIpeneseHHOM 3Tane pa3BuTus PO Oonblryio akTyaqbHOCTb, MOCKOJBKY —IOSBUJICS
3aKOH, HallpaBJICHHBIA Ha 3aIUTy MpaB noTpeduteneii. [loaxoa, onucanusiii B [15], ObUT mpeasioxkeH
FO.M. TapackeBbIM — oOAHMM U3 4IEHOB paboueld rpymnmbl 1o pazpabotke ['OCTa  [14].
JlonoaHUTENbHBIE Pa3bsCHEHHS 0 BOMPOCY, Y€M OTIUYAIOTCS APYT OT JPYyra, U Kak CBSI3aHBl MEXKIY
c00o¥l rapaHTUITHBIE MTOKa3aTeNn U TOKa3aTeIu HaIeXKHOCTH, MOKHO HalTH B cTaThe [16].

B 1992-1997 rr. B xypnane HKK nponuta odeHs Bsjas JUCKyCCHUs, BbI3BaHHas MONBITKAMU
CTaHJApTU3alUU MoJenel oTkazoB. [luckyccus mpoxoamna kak Obl Mexay 119 poccmiickum TK
(Texanueckum Kommrerom) "Hamexnocte B Texamke" [17] m 68 ykpamnckum TK "HanexxHOoCTh
texauku" [18], a Ha camoMm jerne, Ha MOM B3TIIA, MEXTY CHEIHAIMCTaMH, BeIyIUMH padoTty 3tux TK:
Hemunosuuem H.O. u CtpenbaukoBsiM B.I1. Ananus mo3uiuii o6oux aBTOpOB mokasai [19], uro moxg
CTaHJapTU3alMell MoOJeJei OTKa30B OHM TIOHUMAIOT CO3/IaHue CTaHIapTa, KOTOPBIA OyaeT
perIaMeHTUPOBaTh HEKOTOpoe uncio GyHkImi pacnpenenenus (OP) napaboTku 10 0TKa3a B KauecTBe
YHUBEpCAIbHBIX (CTaHIapTHBIX) Moneneidl HagexxkHoctu (MH). Besg pasHuiia B mo3unmsx aBTOPOB
[17],[18] cocTosia B TOM, YTO OHU HCIIOJIB30BAIH Pa3IMYHbIE MaTeMaTUYeCKHe (HOPMYITUPOBKH IS
cBoux "0000menHbIx" MH. MHe npencTaBisiercs, 4To cama uaes "yHuBepcaaIbHOW MOJIEH OTKa30B" —
MOpOYHA, ¥ B IOJOOHBIX CTaHAApTaX HET HUKAKOW peanbHOU moTpedHocTH [19].

Ha npotspxenun psiga net xxypuan HHK myOnukoBan Tak Ha3pIBaeMble CIICITHOMEPA, MOCBSIIIEHHBIE
npobieMam cTaHAapTH3AINH B 00JIaCTH HAAECKHOCTH. BOT X mepeyeHs:

HKK, 1993, Ne3;
HKK, 1994, Ne9;
HKK, 1995, Ne9;
HKK, 1997, Nel;
HKK, 1998, Ne9;
HKK, 1999, Ne9.

B wacTHOCTH, B HUX OBUIM OMyOJMKOBAaHBI COCTAB U CTPYKTYpa CUCTEMBI cTanaapToB "Hage:xHocTh
B TeXHHUKE", IUIaHbl pa0OTHI IO MEKTOCYAAPCTBEHHON CTaHAapTU3AIMH, TTepedHn ctanaapToB MOK TK
56 "HanexxHocTs", BRIXOAMBIIHX B Te Tobl. K coxanennto, HaunHas ¢ 2000 roga, Takas mHGpOpMAIUs
nepectaa MyOJIMKOBAaThCSA B JKypHaJIe MO HeW3BecTHOW MHe mpuuuHe. (O030p MEeXTyHapOIHBIX
CTaHIAapTOB B oOmactu Ge3omacHocTr cM. B )xypHaae MMK, 2001, Ne9, ¢.34-37. Astopsr: Y. ApoHos,
B. Bepcan).

Hakonen, cTOMT OCTaHOBUTHCS Ha OJHOW M3 TOCIEIHUX IO BPEMEHH IOMBITOK OOCYXIACHUS
npoOsieM B OOJIACTH CTaHJAPTU3AIMU TEPMUHOB 10 HAJCKHOCTU. JTO MyOJIMKALKS OTBETCTBEHHOTO
cekperapss TK 119 Hdemuposuua H.O. B xypunanre MMK B konme 2002 roma [20]. Drta crarbs
MOCBsIIIIEHa Tpo0JIeMe TapMOHHM3AIMA TEPMHUHOB TIO0 HAJEKHOCTH — T.€. COCTBHIKOBKE TEPMHHOB,
ucnoibp3dyembix B P® ¢ tepmumnamu, paspabateiBaeMbivu TK 56 MOK (MOK — MexayHnapoaHas
Onexrporexuuueckas Komuccus, TK 56 MOK — TK mo mpo6neme "Hanexxnocts"). Cpenu mpounx
o0cykIaeMbIX BOMPOCcoB, B [20] mpemiaraercs 0OCYIUTh OMpeIeIeHne OCHOBOTIOIATAIONIET0 TepMUHA
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- HAJACKHOCTh. B dacTHOCTH, mpeanaraercs ONpeAeIuTh HAAEKHOCTh TaK, KAaK 3TO CAEJNaHO B
cootBeTcTBytomeM ctangapre MOK: "CoOuparenbHbIi TEPMHH, NPUMEHSEMBIH Ui OMUCAHHS
CBOMCTBA TOTOBHOCTH M BIHSAIONIMX HAa HETO CBOWCTB O€30TKA3HOCTH, PEMOHTONPHUTOJHOCTH H
00ecIeueHHOCTH TeXHWYeCKoro obcimykuBaHust u pemoHTta" (mut. mo [20]). He BmaBasch 31ech B
JUCKYCCHIO, 3aMeYy, U4TO

a) Kak OTMEYaeT caM aBTOp CTaThH, II0 CYTH, TEPMUHBI COBIIA/IAI0T;

6) B 2002 roay Ha 3Ty CTAaTbIO HC MMOCJICAOBAJIO HU OAHOT'O OTKJIMKA — T.C. BICYATIICHUC TAKOC, YTO
ceroans B Poccun YK€ HCKOMY 06cy>1<)1aTI> HpOﬁJ’ICMLI TCPMUHOJIOTHUU B obyactu HaaACKHOCTH.

He 6e3 uHTEpECHA CTaThs TPYNIBI aBTOPOB, KOTOPHIE MOMBITAINCH OOCYAUTH B3aHMOCBSI3b MOHITHIA
HajiexxHOCTH M OezomacHocTH [21]. OgHako, mo cyTH 3Ta paboTa MOCBAIICHA aHAINW3Y TEPMHUHOB B
obOyact 0E301acHOCTH, TpPHYEM BCE 3TH TEPMHHBI BBOJITCS aBTOpaMH C TIO3UIMH pacdera
BEPOSITHOCTEH HACTYIUICHUSI COOTBETCTBYIOIIUX COOBITHH, T.€. C TIO3UITNN HAIC)KHOCTH.

B 3akmroueHwe ATOro TOJpasjiena NPHBOXKY TEPEYCHb JACHCTBYIOIIMX OCHOBOIOJIATAIONINX
CTaHAApTOB MO HaJeKHOCTH (WWW.gosts.ru/products/ nt.html):

I'OCT 27.001-95 - Cucrema crangaptoB "HanexxnocTs B TexHuKe". OCHOBHBIE MOJIOKESHHUS.

I'OCT 27.002-89 - HagexxHocTh B TexHHKE. OCHOBHbBIE OHATHSI. T€PMUHBI U ONPEICICHHUS.

I'OCT 27.003-90 - Hagexxnocts B TexHuke. CoctaB M 00IIMe mpaBuia 3aJaHus TPeOOBaHUU 10
HaIEeKHOCTH.

I'OCT 27.004-85 - Hamexnocts B TexHuke. CHCTeMBI TEXHOJOTHYECKHE. [EPMHUHBI H
OTIPC/ICIICHHS.

I'OCT 27.202-83 - HageXHOCTb B TeXHHKE. T€XHOJIOTHYECKHE CHCTEMBI. MeToAbl OIECHKH
HAJIS)KHOCTH TI0 MapaMeTpaM KadyecTBa U3TOTOBIIIEMON PO TYKITUH.

I'OCT 27.203-83 - HagexxHOCTh B TeXHHKe. TexHoJorndeckue cuctembl. OOmme TpeboBaHUSA K
METOIaM OIIEHKH HAAEKHOCTH.

I'OCT 27.204-83 - HaneXHOCTHP B TeXHUKE. TEeXHOIOTHYECKHE CHCTEMBI. TeXHUYECKHe
TpeOOBaHMS K METO/IaM OLIEHKH HAJICKHOCTH T10 TTapaMeTpaM MPOU3BOIUTEIILHOCTH.

I'OCT 27.301-95 - Hanexxnocth B TexHuKe. Pacuet Hage:xHOCTH. OCHOBHEBIE MOJIOKEHHUS.

I'OCT 27.310-95 - HanesxxHOCTh B TEXHUKE. AHAIN3 BUJIOB, MOCJIEACTBUM U KPUTUYHOCTH OTKA30B.
OCHOBHBIE TOJIOKEHHS.

I'OCT 27.402-95 - HagesxxHOCTh B TeXHUKE. [11aHBl HCIIBITAHU 711 KOHTPOJISL CpeiHeil HapaOOTKU
1o oTKasa (Ha oTka3). YacTs 1. DKCIOHEHIIMAIBHOE paclpesieiicHue.

I'OCT 27.410-87 - HagexxHOCTh B TeXHUKE. MeToAbl KOHTPOJIS MOKa3aTeNeld HaJIeKHOCTH U TIJIaHBI
KOHTPOJILHBIX UCIIBITAHWHA Ha HAJIC)KHOCTb.

Bce aTu cTanmapThl MOKHO 3aKa3aTh MO YKa3aHHOMY BBIIIE aJIPECY, a TAKKE
B MarasuHe cranjiapToB - www.docum.ru/gost.asp ?soks=21.020,
u B0 BHUMKU - www.vniiki.ru/catalog v.asp?page=173

OO0uue nNpukIaaHbIe MPOOJIeMbI HAIEKHOCTH

Kak yxe ormewanoch Beimie, B 0030pax, YMNOMSHYTBIX B pasaene 2, paccMaTpUBAINCH
NPEUMYILECTBEHHO CTPOrMe€ B MaTeMaTH4YE€CKOM OTHOIICHHWH paloThl, TJ€ Pa3BUBAINCH T€ WM UHBIE

- 126 -



NCCJICA0OBAHUA

HanéxHOoCTb: BOIIPOCHL TEOPUU U NPAKTUKH No.3, centsa6ps 2006

UJEH TEOpUU HAASKHOCTU. [lapainenbHO HUIO pa3BUTHE TAaK HA3bIBAEMOM MPHUKIAAHONW TEOpUU
HA/ISKHOCTH, KyJIa sl OTHOIIY paOOThl, B KOTOPBIX TEMH I HHBIMH CIIOCOOaMH PeIlainch KOHKPETHEIC
3aaui HaJeKHOCTH B KOHKPETHOM oOnactu TexHuku. Kak ormedanu B cBoeM 0030pe Pyxun n Xcuex
[9], B ool 0Onactu B CCCP nmemanock o4eHb MHOTO, MIPHYEM COBETCKHE WH)KEHEPHI OBUIH CKIOHHBI
MOJIXOANTH K PEIICHUIO 337]a4 BeChMa MparMaTU4ecku, U He CTPEMIIIMCh K MAaTEMaTHYECKOW CTPOTOCTH
anmnapata. SICHO, YTO OXBaTUTh 00JACTh MPHUKJIATHBIX pabOT M0 HAJEKHOCTH CKOJIb HU OyAb IOJIHO B
0JIHOM 0030pe, MOATOTOBIEHHOM OJHHM aBTOPOM, NPOCTO HeBO3MOXkHO. [loaTomy mpucyias sTomy
paszzeny u30upaTeabHOCTh MOJHOCTHIO 00YCIIOBJICHA JIMYHBIM ONBITOM U MHTEPECAMU aBTOpA.

B 1985 roay Bblen ¢pyHIaMeHTaIbHBINA CIPABOYHUK IO HAJEKHOCTH TEXHUUYECKUX CUCTEM - [22].
OH OBUT MOATOTOBJIEH MEXAYHAapOJIHBIM KOJUIEKTUBOM aBTOPOB, M COACPKUT BCE HEOOXOIUMBIC
CBEJICHHS JJIsl PAacueTOB HAJCKHOCTH CHUCTEM Ha PA3JIMYHBIX JTalax >KU3HEHHOTO IUKJA, a TaKXkKe
CBEJICHHS, HEOOXOMMEBIE /ISl IPOBEACHUS PA3IMYHBIX BUIOB MCIBITAHUA HAa HajekHOCTb. B 1990 r.
Boimen mocneauit (10-if) TOM MHOTOTOMHOTO CHpPaBOYHHMKA TMOJ] Ha3BaHueM '"HamexHocTe wu
s dexTuBHOCTD B TexHUKE [23], m3gaBaBmierocs ¢ 1987 roma. OH ObLT MOATOTOBIICH TaKKe OOIBIIAM
KOJUIEKTUBOM aBTOPOB, CPEIH KOTOPBHIX JOBOJBHO MHOTO MEPECEYCHUN C KOJIJICKTHBOM CIIPABOYHHKA
[22]. B 1997 r. B xxypHaie HKK B nByx HOMepax ObLi1 OmyOIMKOBaH OOJIBIION 0030p M3BECTHOTO B
00J1aCTH KOHCTPYKIIMOHHOW M MPOYHOCTHOM HanexxHocTu crneuuanucta JI.B. Konosanosa [24] (3TOoT
e 0030p ObLT HECKOJBKO paHee OMyOJMKOBaH B XypHaie "BecTHuk mammHocTtpoeHus"). ABTOp
oOparaeT BHUMaHUE Ha TO, YTO C POCTOM €IUHHYHBIX MOITHOCTEH U SHEPTOBOOPYKCHHOCTH MAITHH H
MEXaHHU3MOB, YTO MMEET MECTO MPAKTHYECKH BO BCEX OTPACISIX MPOMBIIIICHHOCTH (BKJIIOYAs TaKHE
oTBeTCTBeHHBIE, Kak ADC, neTarenbHbIE ammapaTrhl, TPAHCIIOPTHBIE CPEACTBA U T.J.), YCHUIIHIOCH
HECOOTBETCTBHE MEXIy TpPEeOOBAHMSMHU K TIOKA3aTelsiM HAJCKHOCTH W PEaTbHOW HaJeKHOCTHIO
MamvH. JTO, M0 MHEHHUIO aBTOpa, BEAET K MPSIMOU yrpose 0e30macHOCTH JroAei u mpupoasl. Ocobo
omacHo, cuntaer JI.B. KoHoBanoB, crpemiienne K SKOHOMHUHM 3aTpaT Ha 3Tale MPOCKTUPOBAHUS H
CO3/IaHUS HAJICKHBIX SUHUYHBIX H3/ICITHI.

Janee B 3TOM nozpaszene 0030pa s KpaTKO OCTaHOBIIIOCh HA HEKOTOPBIX KHUTAX IO HAJEKHOCTH,
U3JAHHBIX 3a IIOCIEIHME TOJbl, M NpeAJaraéMbiXx 18 BeOyIIMMHU pPYCCKOS3BIYHBIMU HHTEPHET-
MmarazuHamu. [Ipu 3TOM s He NPHUBOXKY CCHUIOK HAa KHHUIH, OTHOCSIIMECS K Y3KUM KOHKPETHBIM
oTpaciisiM, Harpumep, "HaaekHoCTh Kee3H0J0pOKHOro MyTH" | T.I1.

Camoe mocienHee MO BPEeMEHHM H3JaHHE HM3BECTHOM KHUTH JaBHO paboTaroliero B o01acTu
HazexxHocTu cnenuanucta ['.B. [Ipyxununa Beiwio B 1986 rogy B Dueproaromusaate [25].

Cronb ke xopoulo u3BecTHbIM crenmanuct M.A. Pabunun omy6nukoBan B 2000 roxy KHHUTY 1O
HaJIe)KHOCTH CIOXHBIX cucteMm [26]. Ha Mol nu4HBIN M BechbMa MPUKIATHOW B3IUIS, BCE KHUTH
PsabuHuHa meperpy’keHnl JIOTUKO-BEPOSITHOCTHBIMM ~ METOJAaMHM  aHalM3a, 4YTO JeNaeT MX
MaJIONIPUBIIEKATEIbHBIMU AJISI IPAKTUKOB.

B 2001 romy B pamkax MHOTOTOMHOMW 3HIUKIONEAWU '"MaiirHocTpoeHue" BBIIIET TOM,
TTOCBSIICHHBIN HaIE)KHOCTH MaIIuH [27].

OdeHp naBHO paboTarIIUK B 0071aCTH HAJACKHOCTH MamuH aBTop — [IpoHukoB A.C. - BBITYCTHII
HOBOE YJIYYIIEHHOC W3JaHHE CBOCH KHUTH, TOCBSIICHHON IMapaMeTpUYecKOil HaJeKHOCTH, T.€.
pacueTy W MPOTHO3HPOBAHHIO OTKA30B TPHU 33JaHHBIX MOJENISIX CTAPEHUS BBIXOJIHBIX TapaMeTpPOB
MavH [28].
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Y4eOHuk mo HagexkHoCTH st cTyAeHToB BY30B B 2003 roay Beimyctun B.A OctpeiikoBckwii [29].
Ho s Obl X0TENnm 0OpaTHTh BHUMaHHE HA APYTYI0 KHHUTY C YYaCTHEM TOTO K€ aBTOpA, BBHIIICIIIYIO B
1993 rony, 1 MOCBSAIIEHHYIO METO/IaM pacyueTa HaJeKHOCTH SIEPHBIX SHEPTreTUIeCKuX yCTaHOBOK [30]
(8 HUntepHere ona He mpeanaraercs). B Heil, Ha MOil B3MIAN, AOBOJBHO YJA4yHO COYETAIOTCS
AKKypaTHOCTb MaTEMaTHYECKOTO armapara, MPaKTUYeCKHe JaHHbIE W MPHUMEPHl PAcueToOB, M, KPOME
TOT0, B OTJIMYUE OT TPAJAULMOHHBIX KHHUT M0 HAJIEKHOCTH, B HEE€ BKIIOUEHBI HEKOTOPbIE OTHOCUTEIILHO
HOBBIC HAIIPaBJICHUS aHaju3a M oOOeCHeueHUs HAJEeKHOCTH, Kak TO: OalleCOBCKOE OlleHUBaHHE
HaZie)KHOCTH 1DV, HemapaMeTpruiecKkre MEeTO bl OlleHUBaHus (OyTCTper mpoienypa), 1 T.11.

JlaBHO 3aHMMAIOIIMICS yTOYHCHUWEM IUTAHOB KOHTpOJIA KadyecTBa M HajexkHoctn H.E fApribikos
BBIIMYCTHJI KHUTY, MOCBSIICHHYIO KaK TEOPETUYECKON 0a3e MOoCeI0BaTeNbHBIX UIAHOB KOHTPOJIS, TaK
Y TIOJYYEHHBIM UM pe3yJibTaTaM, BOLICIIIMM B psij craHaapToB mo ucnbiTanusMm [31]. C xpaTtkum
OTIMCAaHUEM COJICP)KAHUS dTOM KHUTH B U3JI0OKCHUH CaMOTO aBTOPAa MOYKHO O3HAKOMHTHCS TI0 3aMETKE B
)ypHaine MMK, 2003, Ne9, c.62-63.

Haxomnern, emé oqun n1aBHO u Xopoio n3BectHoiit aBTop — [.H. UepkecoB — Beimyctuin B 2005 roay
YCOBEPIIIEHCTBOBAHHBIM BapHaHT CBOEro mocodus mo HajexHoctd ACY, TOIBKO Tenepbh OHO CTajo
Ha3bIBAThCS MOCOOMEM IO HAJIC)KHOCTH allapaTHO-IPOTPAMMHBIX KOMIUIEKCOB — [32].

B nononHenune k 3ToMy BecbMa HEOOJIBIIOMY HEPEYHIO KHUT €II¢ HECKOJIbKO, 3aCTyKHUBAIOIIUX, HA
MO¥H B3IJIsiI, BHUMAHUS, U OTCYTCTBYIOIIMX B MIHTEepHEeT-Mara3nHax.

Kak Obl B OTBET Ha OTMEYEHHOE BBIINIE HEKOTOPOE OTCTaBaHWE B O0OJACTH TNPUMEHEHUS
OaifecoBckux MeTonoB B HaaekHocTH B 1989 tomy B.II. CaBuyk BBIYCTHI KHUTY, IIEITAKOM
MOCBAMICHHYIO MaHHOMY moaxony [33]. Kaura, 6e3yciioBHO, TUKBHIUPYET OINpPEACIICHHBIN Mpolern B
PYCCKOSI3BIYHOM JHUTEpaType MO AaHHOM Tematuke. JlocTaTOYHO cKas3aTh, YTO CIHMCOK LUTHPYEMOMH
aBTOPOM JIUTEpaTypbl COCTOUT U3 247 HanMmeHoBaHUN. OCHOBHOM HEJOCTATOK KHUTH, KaK MHE
Ka)KeTcsl, CIEAYIOLINI: OHAa BCe-TaKU paccuWTaHa HE HAa MHXKEHepa M0 Ha/IeKHOCTH, a Ha CIIeIHaINCTa
[0 CTAaTUCTMYECKUM MeTojaM. TeM He MeHee, W Takas HallpaBJIE€HHOCTh BaKHA IJIs Pa3BUTHSA
OTEUECTBEHHBIX pabOT B 00JIACTH HA/IEKHOCTH.

W3BectHelii ykpaunckuil crnenuanuct E.C. IlepeBep3eB omyOnaukoBas B 1990 romy kHury
"HanexHocTh W ucHbITaHUs TexHHUUecKuX cuctem" [34]. Kuura comep uT OIuUH U3 CaMbIX MOJHBIX
n3BecTHBIX MHe TniepeuHedr PP pasznuunbix BugoB. C 26-i1 mo 107-t0 crtpanuinyy B kuHure [34]
nepeuncieHo 200 paznuunbix OP, npudem i KaXI0W W3 HUX MPUBEACHBI (DYHKIUS IJIOTHOCTU H
KyMyJSITUBHasE (DYHKIHSI paclpeleieHus, a TaKKe TMEpPBblii M BTOPOM MOMEHTHI (T.€. CpeAHee H
mucniepensi). K cokaneHuto, aBTop He BCerja MPUBOANWT CCHUIKM HAa UCTOYHUKH WHMopMarmu. Tem He
MEHee, B KHUTE JOBOJHHO MHOTO BeChMa 3K30THUeCKHX ®PP, KOTOphIE ITOMUMO 3TOTO M3AAHHS MOXKHO
HaWTH TOJBKO B MAJOJOCTYITHOW CIIEIMAILHOW CIPABOYHOW JHTEpaType, M HMEHHO I03TOMY S
PEKOMEHYI0 3TO U3JaHWE KaK OTHOCHTEIbHO JIETKO JOCTYIHBIM M OYEHb IIMPOKUN CIHCOK
BO3MOJKHBIX MOJIEJIEN DP°,

WuctutyT npobnem mammHoBeaeHuss PAH B 2001 roxy BeIMyCTHI KOJUIEKTHBHYIO MOHOIpaguIio
0 Ipo6JsieMaM TeOpUU TOYHOCTH, B KOTOPOH psiJt pabOT NMOCBsIIEH MpodieMaM HalexKHOCTH [35].

’ Koneuno xe, "CrpaBOYHHMK I0 CTaTUCTHYECKUM pacnpeneneHusMm" Xacruurca, [Tuxoka (M.: Cratucrtuka, 1980) maer ropasno
Gonbiryto uHpopManuro o kaxaoi u3 ®P, Ho Tam ux Toabko 24. C Apyroil CTOPOHBL, JUIS pealbHON MPaKTUKHU, KOHEYHO ke, 200 OP
BpAI JH HY)KHO, HO Be[b JUI1 KOHKPETHOTO NPUMEHEHHs HHUKOIZa 3apaHee He M3BECTHO, a KAKOE PacIipesieNieHHe OKaxeTcs Hamboiee
HOAXOISIIIM.

- 128 -



NCCJICA0OBAHUA

HanéXHOCTh: BOIIPOCH! TEOPUH U MPAKTUKH No.3, centsa6ps 2006

Hakonemn, Henb3si HE OTMETHTh, YTO TOHSATHE HANEKHOCTH TECHEHIIMM 00pa3oM CBs3aHO C
noHsatueM Oe3omacHocT. CuTyanus ¢ O€30MaCHOCTBIO B MHUPE B II€JIOM OYEHb XOPOIIO
WLTIOCTPUPYETCSl TPUBEICHHBIM HIDKE TpadUKOM, CKOMUPOBAHHBIM MHOIO Ha CalTe OpraHU3aliH
"MexayHapoaHasi CTpaTerus A CHIKeHUs uucia OefcTtBuii" - www.unisdr.org/ , rae pa3menieHo
OYCHb MHOT'O Pa3HOOOpa3HOM, B TOM YHCJIE CTATUCTUYECKON MHPOpMaIUK 0 OSICTBHUIX U KaTacTpodax
B pa3MyHbIX yrojkax 3emuid. Ha pucyHke moka3aHo, Kak pOCJIO IOJHOE YHMCIO IMPHPOJIHBIX H
TeXHOTEeHHBIX  KatacTpodp B  20-Mm Beke (ampec  pucyHka:  www.unisdr.org/disaster-
statistics/occurrence-trends-century.htm).

Total number of natural and technological disasters registered
in EMDAT
1900 — 2003
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XoTs Tema 0€30MMacHOCTH M HE SBIISIETCS MPEIMETOM PacCMOTPEHHSI TaHHOTO 0030pa, s XOTe OblI
OTMETUTh KHHIY, HANMCAHHYI0 M3BECTHBIM POCCHUHCKUM CIIEHUAIMCTOM IO HajaexkHoctu U.3.
ApoHoBBIM (¢ coaBTopamu) "CTaTHCTHUECKHE METOJIbI aHaIN3a 0€30MaCHOCTH CIIOXKHBIX TEXHUYECKUX
cucteM" [36]. Oco60 MHE ObI XOTEIOCHh MOMYEPKHYTh TOT (PaKT, YTO B KHUTE MPHUCYTCTBYET IJIaBa MO
Ha3BaHueM "AHanu3 HagexxkHocTu mnepcoHana" (I'n.5, c¢.183-200). Beime, B mepeune mpooOiem,
OKUJAIIUX cBoero pemenus, M.A. Ymakos chopmynupoBas npo0ieMy HaledKHOCTH YEJI0BEYECKOTO
¢axTopa. ['n.5 B kuure [36] - 0MH U3 HEMHOTOYHCICHHBIX OTBETOB Ha ATOT BBI3OB B PYCCKOS3BIYHOM
JUTEpaType MOocienHero BpeMeHu (cMm. Takxke [37]). ABTOpHl MpPU NPOBEAECHUU BEPOATHOCTHOTO
aHam3a 0€30MaCHOCTH BBIACISIOT TPH MoA3aaaqn [36], mpudem Bce TpU GOPMYITUPYIOTCS UMEHHO KaK
3aJ1a41 Ha/ICKHOCTH:

- OIEHKY IOKa3aTeJed HaJeKHOCTH IepcoHalia MPU IKCIUTyaTallid, KOTJa HEBBIIOJHEHHUE HITH
OmMMOOYHOE BBIMOTHCHHE (DYHKIMA MPUBOJAUT K BOSHHUKHOBEHHUIO MCXOJTHOTO COOBITHS (T.C. aBapww,
HETOTOBHOCTH K BBITIOJTHEHUIO 33IaHHBIX (QYHKIUH U T.11.);

- OIIGHKY IIOKa3aTeJiel Ha/JIeKHOCTU TepcoHala TPH TEXHUYECKOM OOCITYyKMBAaHHH U PEMOHTE
AJIEMEHTOB, KOT/Ia HEBBIOJIHEHUE WM OIIUOOYHOE BBITIOJHEHUE (PYHKIMH MPUBOJIUT K HETOTOBHOCTH
ATHX JIEMEHTOB NIPU BO3HUKHOBEHHH UCXOJHOTO COOBITHS;
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- OIICHKY NOKa3aTeleil HaJe)KHOCTHU MEePCOHaNa PU aBapuH, KOT/1a HEBBITIOJHEHHUE WM OMIMOO0YHOE
BBITIOTHEHNE (PYHKIMN TPUBOAUT yCYTYOJICHHUIO TIOCIEICTBUI aBapHH.

AHanu3 HaJeKHOCTH TIEpCOHaja MOKET OBITh KaK KayeCTBEHHBIM, TaK M KOJIMYECTBEHHHIM. B
YacTHOCTH, B [36] mpuBeneHB MHTEPECHBIE KOJWYECTBEHHBIC JAHHBIE OTHOCHUTEIIBHO BEPOSITHOCTEH
HEKOTOPBIX CTaHJAPTHBIX OIMMOOK mepcoHana. B Tabn. 1 (tabn.5.4 B [36]) moka3zaHbl 3HAYCHUSA
BEpOSATHOCTEH OLIMOOK oOrepaTopa IMpH BBHINOJHEHUHM HEKOTOPBIX omnepaiuii, B Ta0y.2 NpUBEACHBI
JAaHHBIE TI0O BEPOATHOCTH OE€30IIMOO0YHOTO BBIMOJHEHUS CEHCOPHBIX oOmepanuid, a B Ta0om3 —
BEPOSTHOCTh OMIMOOYHBIX JCHCTBUN KBATH(DUIIMPOBAHHOTO MIEPCOHANA B 3aBUCHMOCTH OT BPEMEHH Ha
MIPUHSATUE PEIICHUSI.

BooOmie kaura [36] cogepKuT OOJBIIOE YUCIO MPAKTUYECKUX JaHHBIX M MPUMEPOB pacdera, 4yTo
NPUIACT €i TOTOTHUTEIbHYIO IEHHOCTh. (S emé BepHYyCh K JaHHBIM U3 [36], Koraa Mbl 1obepeMces 10
pazziena rnokasaTesield HaJe)KHOCTU OTJEIbHBIX JIEMEHTOB U CHCTEM).

Taommma 1.

BeposiTHOCTH OIIMOKH 0MepaTOpPa NPH BHIMOJTHEHHH PA3JIHYHBIX ONepPanHii

Ha3Banue onepanuun BepositHocTh 0OIINOKHA
Bocnpusitue yctHoro coobuienust (1-3 ciosa) 0,0002
Brigaua pedeBoro coobuienus (1-3 ciosa) 0,0002
Urenue (1-3 cioBa) 0,0010
Boinonnenue 3anucu (1-3 ciosa) 0,0003
Bocnpusitue cBe4eHHs CUTHAJIBLHOW JIaMIIbl, TPAHCIIAPAHTA 0,0035
Bocnpusitue yka3anui Tabauuku 0,0014
Bocnpusitue nokazaHuii CTpEIOYHOTO Mpudopa 0,0072
Bocnpusitue nokazanuii iudposoro npudopa 0,0012
HasxaTtre KHOTIKU 0,0025
HaxxaTne TpedyemMoli KilaBUIITH 0,0050
Brxrouenne tymoiiepa 0,0020
YcTraHOBKa MHOTOIIO3HITMOHHOTO MIEpEKITIoYaTesis B TpedyeMoe MMoJI0KeHHe 0,0044
CoenuHeHne Kabeel MoCcpeICTBOM IITETICEITbHBIX Pa3beMOB 0,0032
PazbeuHeHne mrenceyibHbIX Pa3beMOB 0,0009
Y cTaHOBKa IMapaMeTpa BPAIIEHUEM PYYKH YIIPABICHHS 0,0094
To xe, BpallleHHEeM ITypBasia 0,0100
To ke, mepeMelieHueM pbluara 0,0150
Br160p nepekitouaTesns 13 HECKOIbKUX Pa3IMUHBIX 0,0001
Hampsokennas pabota, pu KOTOPOH MIPOUCXOAUT ObICTpasi CMEHA CUTYaIlUi 0,2-0,3
Tabmuna 2.

BEPOHTHOCTL 0e301M00YHOr0 BLINOJIHEHUS CCHCOPHO-MOTOPHBIX onepaunﬁ

ITapametp oprana BepostHOCTH ITapametp oprana BepositHOCTH
YIPAaBJICHUS YIIPaBJICHUS
JrameTp KHOTIKH, MM Jnuna pydKH
MuHuaTIOpHBIN 0,9995 YIIPABJICHUSI, MM
bonee 12,7 0,9999 152,4-228,6 0,9963
305-458 0,9967
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BEPOHTHOCTL 0e301M00YHOr0 BLINOJHEHUS CCHCOPHO-MOTOPHBIX onepaunﬁ

[TapameTtp oprana BepostaOCTh ITapameTtp oprana BepostaocTh
YIPAaBJICHUS YIIPaBJICHUS
533-686 0,9963
Hucno KHOMOK: [Ipenens
¢ 1-ii mo 5-10 0,9997 MEepeMEeIIeHus  PYyUKH,
¢ 6-i1 mo 10-10 0,9995 rpaji.: 0,9981
¢ 11 mo 25-10 0,9990 5-20 0,9975
30-40 0,9960
40-60
Taomwura 3.

BeposiTHOCTH OLIMOOYHOTO el CTBUS

Bpewmst 1i1st npuHATHS pelIeHUs U OCYIIeCTBIECHUS BeposiTHOCTD OMIMOOYHBIX T1EHCTBHIA
JIEUCTBUH KBIM(PHUIIMPOBAHHOTO TIEpCOHAIA

OyeHb KOpPOTKOE (MEHee 5 MUH) 0,1

Kopotkoe (o1 5 10 60 MuH) 0,001

[TponomxurensHoe (6osee 1 yaca) 0,0003

O0pabdoTka TaHHBIX MO HAEKHOCTH (MO/eJTU HAJIEKHOCTH).

UTOoOBI KaK-TO CHCTEMaTHU3MPOBATh WH(OPMAIIMIO B ATOM pasjaeiie 0030pa, s penrwi cHadajia
U3JI0KUTH HEKYIO OOIIyI0 Kiaccudukaiuio Mojeneil HajgesxkHocTu. TeopeTnueckast TUCKycCUsl HA TEMY,
YTO Takoe MoJenb HajexkHoCTH (MH), Moriia Ob1 OBITE OECKOHEYHOM, TOITOMY TIpEJIaraeTcs MmoJOUTH
K 3TOMY BOINPOCY MparMaTU4yecKH, T.e. C MH)KEHEPHOH TOYKH 3peHHs. UTO MBI XOTHUM IMOJIY4YHUTH B
UTOre, Co3laBas Ty WIM HHYI0 Mojenb? OOmuii OTBET fCEH: Mbl XOTHM HMETh BO3MOKHOCTH
OlLleHMBATh (MPOrHO3UPOBATH) TOT WM WHOW moka3zaTenb HagexHoctu (ITH) B 3aBucumoctn ot
BHEIIIHUX Bo3/eicTByIomuX (hakropos (BBD) ¢ noctarouHoit s Hammx menei ToyHocThio. [losTomy
npeanaraercs cieayroinee padouee onpeneiaeHue [19]:

Moodenv nadedxcnocmu — M0 MAMEMAMULECKAST MOOeb, NO3BOAIOWASL C 3A0AHHOU MOYHOCHbIO
paccuumvieamsv me unu unvie [1H u ux sasucumocms om BBQ.

ScHo, uro MH HecTh uncna, 1 1S 1iesieil Haiero 00630pa ux clieyeT Kak-TO CHCTEMaTH3UPOBATh.
Onna u3 BO3MOXKHBIX Kiaccudukanuii MH mpencraBiena Ha puc.2. B pamkax 3To#l kimaccudukamum
Bce MH pa36uts! Ha 4 GobIINX Kiacca:

0606u4enn0-cmamucmuqec1<ue — TC MH, B OCHOBC KOTOPBIX JICKHUT IMOCTYJAT O CYHICCTBOBAHUUN
HEKOTOpPOro O606H.[€HHOFO nmapamMeTpa Hjin CBOﬁCTBa, pacpeaciICHuC KOTOpOro MCHACTCA BO BpCMCHU
U IPUBOIUT K OTKa3aM 00bekTOB. Tak BO3HHMKAIOT MOACIN ;[peﬁq)a mapamMeTpoB M MOJCIU THUIIA
Harpys3kKa — IpO4YHOCTb;

¢dyukuyuonanvuvie — e MH, B 0CHOBE KOTOPBIX JI€KaT MOCTYIAThI O cyliecTBoBaHuu P oTka30B

1 00 OmpeseICHHBIX 3aBUCUMOCTIX ATHX (yHkmmii oT BB®. Ecnm namee npenmosmaraercs, ato OP
MPUHAJICKUT K ONpPEeICHHOMY MapaMeTPUYECKOMY CEMEMCTBY, TO BO3HHMKAeT IOJKJIacc
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mapaMEeTpUICCKUX MO,I[CJ'Ief/'I, €CJIM TaKO€ JOMYyHICHUE HE HCHOJIb3YyCTCiA, TO BO3HUKAIOT TakK
Ha3bIBACMBbIC HETIAPaAMECTPUICCKUC MH,

Kunemuyueckue — t¢ MH, B OCHOBE KOTOPBIX JIXKAT ypaBHEHHWS, ONKCHIBAIONINEC KHHETHKY
KOHKPETHOTO TIporiecca aerpamanui ((hpu3uaeckoro, GU3NKO-XUMHIECKOTO, MEXaHHIECKOTO U T.J1.);

¢enomenonocuueckue (pecypcnvie) — t¢ MH, B OCHOBE KOTOpBIX JIEKaT MOCTYJaThl O
CyIIECTBOBAaHUU y u3nenuil (0OBEKTOB) HEKOTOPOTO 3amaca paboTOCIOCOOHOCTH, HAa3bIBAEMOTO
pecypcoM, 1 00 ompeAeseHHON 3aBUCUMOCTH CKOpPOCTH ero pacxoaoBanus ot BB®. Ecnu nanee non
pecypcoM TIOHMMAaeTcsi HeKas peayibHas (u3MyecKas BEIMYMHA WU BEJIWYMHA, 3aBHCANIAS OT
peaTbHBIX (PU3UYECKHUX MMAPAMETPOB U XAPAKTEPUCTHK OOBEKTa, TO s OTHOUIY Bo3HWKaromme MH k
pecypcHo-pu3ndeckuM. Ecnu ke paccMaTpuBaeTcsi HEKMH OOOOIICHHBIM MapaMeTp, TO BO3HUKAET
MOJIKJIACC BEPOSATHOCTHBIX PECYPCHBIX MOJIEIIEH.

JlanpHeiee neleHne HEKOTOPHIX KIIACCOB TOKa3aHO Ha pHC.2 M HE TpeOyeT CHerUaTbHBIX
MOSICHEHHUH.

Mopenu apeiida napamMeTrpoB paccMaTpUBaINCh B OYEHb MHOTHMX KHHMrax IO HaJaexHocTH. M3
CTapbIX Henb3s He yNoMsHyTh KHUTY ['epridaxa u Kopnonckoro [38], a Takke kaury Muxaiinosa [39].
W3 OTHOCHTENBHO NOCIENHUX IyOJUKAUI 3TOT MaTepual €CTh B YK€ YINOMHUHAaBUIICHCS KHHUTE
[TepeBepsena [34].

Mogenu Tuna Harpy3Ka-poYHOCTh TOXKE OYEHb MOIMYJSpHBI B juteparype. OgHO u3 Hambosee
MIOJTHBIX W TIOCTICAHHUX IO BPEMEHHU M3JIOKCHHI 3TOTO Marepuana — 3To kaura Kamypa, JlamGepcona,
BhIIIEIIAas B pycckom mepeBojie B 1980 romy [40]. Ha moit B3risim — 370 07iHA U3 JY4IIUX KHUT 10
HAJCKHOCTH, TIEPEBEACHHBIX Ha PYCCKHH s3bIK. [lomMuMO TOro, 9Tro B HEH OYEHHb MOIPOOHO
paccmorpensi  MH Tuma Harpyska-mpoO4HOCTh, OHa OYE€Hb TPOCTO HamucaHa, W, Omaromaps
MIPOCYUTAHHBIM JI0 KOHIIA IPUMEPaM, TOCTYITHA JTI0OOMY UH)KEHEpY .

Tpaaumonnsle mapamerpudeckue MH omnmcaHbl HMpakTHYECKH BO BCEX KHHUIAX M ydueOHHUKaX.
YroObl HE MOBTOPATHCS, OTMEUY [BE KIacCHYeCKHe PadOThl, K COKAJICHHUIO, HE IepeBe/leHHbIE Ha
pycckuii [41, 42], roe, cpeau mpodero, €cTh U MOJPOOHOE OMHMCAHUE MapaMeTPUUYECKUX MOJeleH.
CTOUT OTMETUTBH, YTO B MOJABIAIONIEM OOJNBIIMHCTBE MapaMeTpuieckux MH aBTOpBI mpeArnoynTaoT
UMeTh J1e0 ¢ (yHKUMel MHTeHCHMBHOCTH oTKa3oB (MO), xoTopyro HmpuHATO 0003HauaTh OYKBOIl A.
[Toctpoenne MH (¢akTtrueckn o3Hadaer, 4TO JMOO MO SKCIEPUMEHTAIBHBIM JaHHBIM, JHOO W3
TEOPETHUECKUX COOOpaKEHH, TMO0 KOMOMHUPYS 3TH UCTOUYHUKH, MBI II0JTy4aeM COOTHOLICHHUE THIIA:

1O = A =f{t, BBD), (1)
rae ¢ — BpeMms.
Hwxe MBI BepHEMcst K cooTHOIIEHHIO (1), a IToKa MpoI0JDKAM HaIll KpaTKHi 3KcKype mo MH.

B.1. I'epOy3 B pabote [43] mpumMeHWT MapaMeTpHUUECKH TIOX0/T JIsl aHATN3a BIUSHUS CITy4yailHOM
MOTPEIIHOCTH U3MEPEHUN Ha UCXOHBIN YPOBEHb HA/ISKHOCTU U3JICITHH.

Kax u3BectHo, 3aBucumocts MO oT BpemMeHH B 0O0lleM BUJE UMEET BaHHOOOpPA3HBIM XapakTep,
OTPAXKAIOMIUN TPH XapaKTEPHBIX dTama XU3HH OONBIIMHCTBA 00BEKTOB (cM. puc.3). IlepBbiit sTam
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namaromeir MO — stan paHHe CMEPTHOCTH, KOTOPBI B TEXHHKE MPHHATO HA3bIBAaTh ATAIOM
npupaboTku. B cepenune mmeeM sTam moctosiHHOW MO — 3Tam HOPManbHOM JKCIUTyaTaluu.
[Tocnennuii atam, stan Bo3pactanus MO — stan crapenus (n3Hoca). C mepBeIX padOT MO HAIEKHOCTH H
JI0 CHX TIOp HE MPEKPAIIaroTCs MOMBITKA HAUTH MAaTEeMaTHYECKYI0 MOJIENb, C MTOMOIIBIO0 KOTOPOil ObLIO
ObI yZJOOHO ONHCHIBATh BCE ATAIbl BaHHOOOpa3HOH KpuBo NO.

Puc.2. Knaccudukanus MH

Mogenn HageXKHOCTH

OﬁOﬁHIEHHO- @}’HKL{HOH&HBHBIE Kunetnueckue @eHOMEHOTIOTHUE-
CTATHCTHYECKHE CKHe (pecypcHBIe)
Mogemn
npeitda ma- ITapamer- dusuyeckue CTaTHCTHYECKHE
paMeTpoB pHHIECKHE
Henapa-
Mogenu
MeTpHIe-
Mogemn Ha- clae MATOLHK- F—
Tpy3Ka- ToBOit ye- P ¢
MIPOYHOCTH TATOCTH HBIE MOJIETH
HAKOILTEHHA
TIOBpE&IE-
HHIH
Tpaau-
ITHOHHEIE
Tep-
MO/TH-
HaMH-
Baiiecos- HeCKIe BepoarHo-
CKHe CTHEBIE MO-
TeIH pac-
XOJOBaHHA
pecypca
Tpagn-
LIHOHHBIE
Baiiec.
Byterpen

Wutepecnas momudukamus pacrpenenenus BeitOymna c¢ mensio ommcats Bcio kpuByio MO,
MMOKa3aHHYI0 Ha PUC.2, COACPKUTCS B OAHOW M3 HemaBHUX Imyonmkanuii B sxypHaie "I[EEE Transactions
on Reliability" [44]. Odyepennas mombITKa B 3TOM ke HanpasieHun npennpunsara C.f. I'poazerckum,
OJIHUM U3 OY€Hb HEMHOT'MX OTEYECTBEHHBIX CIEIMAJIUCTOB IO HAJIEKHOCTH, KTO IOCJE MEePECTPOUKH
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npojoskaeT paborate B 3TOHM obmactu. B crathe [45] oH meitaercs moctpouth MH u3 cmecu
HKCMOHEHITUAILHOTO ¥ BEHOYJJIOBCKOTO pacmlpeieNieHHid ¢ LeIbl0 aHaIM3a HaJeKHOCTH SJIEMEHTOB
cucteMm ympasieHus. K cokalleHWio, HE BCE BBIBOJIbI M 3aKJIIOYEHUs cTaThu [45], Ha MOUM B3I,
0e3yIpeyHsbl, TEM HE MEHee, caMma IMOTMBITKA MPEACTaBIsAeT Oe3yCcIoBHbIN nHTepec. Hago otMeTuTs, 9TO
C.A. I'pomsenckuii He OCTaHOBWICA Ha mocTpoeHnd MH, a momblTancs goBecT 3Ty paboTy 10
JIOTUYECKOTO KOHIIA, JUIsl 4ero paccMoTpen 3afady o0 onenke I1H mo qaHHBIM 3KCIUTyaTalluy B Cliydyae
MIPUMEHUMOCTH MOJIeNH BhIlieonucaHHoi cmecu OP. [Ipu 3ToM OH npoaHanu3upoBal 3Ty 3aAady JJis
TaK Ha3bIBAEMBIX LIEH3YPUPOBAHHBIX HCIIBITAHWM, T.€. TAKMX HCIBITAHUM, KOTJa HE BCE DJIEMEHTHI B
mpoliecce MCTbITAHUN OTKa3alld, U 4acTh AJIEMEHTOB J0padoTalia 10 KOHIIA UCIBITAaHUN 0€3 OTKa30B
[46, 47]. B urore aBTOp pekomenayet s ouenku [IH B ciyuae, korma P onuckiBaeTcst cMechbio
AKCIIOHEHIIMAIIBHOTO W BEHOYJUIOBCKOTO pachpeleleHi, JenaTh CcHadyajla TaK Ha3bIBaeMBbIii
"pa3BenovHbIN" aHAN3 TpadoaHATUTHYSCKUM CIIOCOOOM, T.€. ¢ TIOMOIIbI0 mocTpoeHuss PP Ha ceTke
pacnpenenenus BeiiOyiia, a yKe MOTOM YTOUHSThH OLEHKH METOJ0M MaKCHUMAaJbHOTO MPaBIOTO00US.

Kak yxe ormedanmoch BeImIe, OaiiecoBckuii moaxoa kK moctpoernnio MH B Poccum pasBut He
cnumkoM cuibHO. Kpome kuuru [33], MoxxkHO oTMeTuTh cTathio B.A. I'pomarikoro B xxypuane HKK
[48]. B Hell aBTOp pemaer 3ajadyy OIEHKM HUKHEW JOBEPUTEIBHOM T'paHUIbl JIJIi BEPOSITHOCTH
0€30TKa3HON pabOThl MPH HCIBITAHUSX HEOONBIIOW MO 00bEMYy BBHIOOPKM B YCIOBUSAX HATUYUS
HEKOTOPOH anmpuoOpHOW MH(POpPMAIMK O MapaMeTpax MCXOTHOTO paclpeneicHus. B mpumMepe kK craThe
o0bemM BbIOOpKH cocTaBun 20 HabOmofeHuid. B 3apyOexHBIX M3IaHMSAX HENOCTaTKa B CChUIKaxX He
omymaercs. Toapko Ha caiiTe AMEPUKAaHCKOTO OOIECTBa KauyecTBa IMOUCK MO KIIOYEBOMY CIIOBY
"Bayesian" maet 6onee 80 CCBUIOK Ha COOTBETCTBYIOIIME CTaThbU. [IpuBedy mapoyky MOKa3aBLIMXCS
MHE uHTepecHbIMU. CTaTbsg TPYNIBl aBTOPOB IO ONTUMAJIbHOW CTpPATeTHH OOCITYXHBAHHS
onyOnukoBaHa B kypHane "Technometrics" [49]. B [50] npennaraercs wucmonp30BaTh 0alieCOBCKHE
OpOLEAYyphl sl TUIAHUPOBAHUS UCTBITAHWA Ha HAJECKHOCTh, MOJATBEPKAAIOMINX BBITOJHEHHE
TpeOOBaHMIA 10 3HAYSHHUIO CPEAHETO BPEMEHH MEX]Ty OTKa3aMHU.

Puc.3. BannooOpa3Has kpuBas i1 runoreTndeckoi 3apucumoctu MO ot Bpemenu

The Bathtub Curve

Hypothetical Failure Rate versus Time

End of Life Wear-Out

. Increasing Failure Rate
Infant hartality J

Decreasing Failure Rate

Mormal Life (Useful Life)
Low "Constant” Failure R ate

Increased Faillmre Eate

Time
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[To nenapamerpuueckum MH CTOUT OTMETHUTDH /IB€ KHUTH OTEYECTBEHHBIX aBTOPOB [51,52], mpuuem
B 00eHx peub UJET O HemapaMmeTpuyeckux oreHkax [TH mo meH3ypupoBaHHBIM HcmbITaHusAM. KHura
[51] 3acimyXuBaeT TOMOTHUTEIHHOTO BHUMAHUS B CBSI3U C TEM, UTO B HEH €CTh OTJeNbHAas riiaBa (5-1),
B KOTOpOH 00CyXmaeTcsi BakHEWIIas mpoliemMa — mpobiemMa JTOCTOBEPHOCTH HMCXOIHBIX JIaHHBIX.
O4eBHIHO, YTO HUKAKHE MAaTEMaTHYECKHE YXWIIPEHHUS HE CHOCOOHBI BO3MECTUTH OTCYTCTBYIOIIYIO
WM UCKOKEHHYIO TMEepBUYHYI0 MHpopMaiuio o0 oTkazax. K coxaleHuto, cuCTeMaTH4ecKuX padoT o
MeTonax cobopa U XpaHeHus WHMOPMAIMK O HAJCKHOCTH B MEPUOIUYECKON TIeUaTh s He OOHAPYKHUIIL.
o mepecTpoiiku Takyro HHGOPMAIMIO PETYJISIPHO COOMpay TOJIOBHBIE OTpaciieBble MHCTUTYTH 1 MO
(HampuMep, DJNEKTPOHCTAHAAPT BBIMYCKAl COOTBETCTBYIOIIME CIPABOYHUKKA IO  U3JACIHUSAM
AJIGKTPOHHOW TEXHHMKH, aHAIOTHYHYI padoty BeimonHsut [IHUUW-22 u T.1.). [locnme mepectpoiikw,
HACKOJIBKO S MOTY CYAHMTb MO COOCTBEHHOMY OIBITY, Ja)K€ T€ TOJOBHbIE MHCTUTYTHI, Kakue emié
COXPAaHWIKNCh U TPOJOJDKAIOT (YHKIIMOHUPOBATH, JUIIWIMCh KaKHX JIMOO PEealbHBIX BO3MOXHOCTEH
CUCTEMAaTU4eCKH COOMpaTh JaHHbBIE TI0 HAJe)KHOCTU. K 3TOMY CTOUT 100aBUTh, YTO U IO TIEPECTPOUKH
3Hayenus [IH, mpuBoaMBIIMECS B Pa3IMYHBIX CIPABOYHBIX HM3JAHUAX, HE 3aCIYKUBAIA 0COOOTO
nosepusi. J[emo B TOM, 4TO 3TH 3HaYeHUs Opannch, Kak MpaBUiIo, W3 TexHuueckux ycioBui (TY) Ha
cooTtBeTcTByromee uznenue. Ho B TY 3T0 3HaYeHme, 3a4acTyro, MONAAlo HE IO pe3yJbTaTaMm
CHEIMATbHBIX HCHBITAHMA WM cOopa JaHHBIX 00 9KCIUTyaTallMOHHOW  HAJAEKHOCTH, a
BOJIFOHTAPUCTCKUM TTYTEM H3-32 HEOOXOJIMMOCTH OBITh HE XYK€, YEM y 3apyOeKHOTO aHajora. JTo Ha
camMoM jieie oueHb Oomblinas mpoOiema, M aBTOp JAaHHOTO 0030pa HE BUAWT MyTeil e€ pelieHus B
Oommkaiimem OymyIiem.

B Tabn.4, B3aToit u3 paboThl [S1], Bocipou3BeieHbI TUMTUYHBIC 3HAUEHUS MPOIIEHTA OMIHOOK (Kak
OOBEKTUBHBIX, TaK M CYOBEKTHBHBIX) B 3aBUCHMOCTH OT THMa (OpPMBI MEpBHYHOTO cOopa W ydeTa
JaHHBIX. JIETKO BUAETH, UTO 3TH HPOIEHTHI BECbMa BBICOKH, YTO JEJAaeT 3a/auy aHajln3a MEePBHYHBIX
JaHHBIX HAa WX JOCTOBEPHOCTh UYPE3BBIUANHO aKTyaldbHOH. HekoTophle CTaTUCTHYECKHE CITOCOOBI
BBIJICJICHHS HEZOCTOBEPHBIX JIAHHBIX (METO/IbI TaK HAa3bIBAEMOW OUMCTKHU JaHHBIX) MpuBeaeHs! B [51].B
NEPBOM M JOCTATOYHO I'pyOOM MpHOIMKEHUH OHHM CBOAATCA K aHAJIM3y HAa HAJIW4YME BBHIOPOCOB M K
MPOBEpKe CIIy4alHOCTH Mdp B 3amucsAxX. 3aMedy MHMOXOJOM, YTO Ha OJHOW W3 HETaBHUX
KoH(epeHIuii, rae NPUCYTCTBOBAJ aBTOpP JJAaHHOTO 0030pa, MPEACTaBUTENb OJHONW W3 (QupM,
MOCTABJISAIONIMX CTATHCTUYECKHE ITMAKEThl i1 00pabOTKM JAaHHBIX, CKa3aj, 4TO padoTa MO OYHCTKE
JMaHHBIX B cpenHeM oTHuUMaeT 10 30% Bcero BpeMeHH, 3aTpayMBacMoOro Ha oOpabOTKy 3aJaHHOTO
MaccuBa UH(poOpMaIuu.

Tabnma 3.
Pacnipenenenne ommOOK 10 THITAM NTEPBUYHBIX (GOpPM ydeTa
Tun uadopmarmn Ko-Bo ook ot Tun uadopmarmn Ko:1-Bo omubok ot
obmiero uncia, % obmiero uucia, %

Anpecnast 10 Konosas 30
ITo pexBu3uTaM:
- HAaUMEHOBaHUE U3JCITHS 2 - KOJ OTKa3a 6
- 3aBOI-NU3TOTOBUTEID 2 - KOJl MPUYHUHBI O0TKAa3a 18
- MECTO ITPOBE/ICHHS HCIIBITAHUIT 3 - KOJ| YCIIOBUM UCTIBITAHHUI 4
- Ipoyue 3 - IpoYune 2
OnucarenbHas 20 [TapameTpuueckas 40
[To pexBu3uTam:
- XapakTep oTKa3a 3 - HapaboTKa 18
- MpUYHMHA OTKa3a 9 - pecypc 10
- YCJIOBHSI HCTIBITAHUI 6 - CPOK CITY OBl
- IpoYyue 2 - BpeMsl BOCCTAHOBJICHUSI 7
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Emé onna Gmmskas npobiema — oObeAHEHNE UHPOPMAIIMH, TTOTyYEHHOU MO Pa3HBIM BBIOOpKAM
(mpoBepka ogHOpoaHOCTH MH(DOpManun). [1o 3ToMy BOIIpPOCY BechbMa MOJIE3HOM AJIsl TPAKTHKOB MOXKET
okazathecsi paborta 10.®. bypraeBa, KOTOpPbIl peKOMEHIYET IJsl 3TOW e HCIOJIb30BaTh KPUTEPHMA
CaBuKa, M KOTOPBIMA paccunTail KpUTHYECKHE 3HAUEHHS JUUIsl 3TOr0 KpUTEPHsSI B CBOEH cTaThe [53].

ByTtcTpen monenu cnabo mpeacTaBieHbl B OTEUECTBEHHOM JTUTEpaType 10 HAICKHOCTH TOCIIETHUX
net. Tem He MeHee, HWKECIEAYIOINE MyOJUKAINKN, 0€3yCIOBHO, 3aCIy>KMBAIOT BHUMaHUs. [ 'pymma
aBTOPOB BO TIJlaBe C M3BECTHBIM poccuiickuMm ctatuctukoMm FO.II. AjnepoM BbINOTHUIA UEIBIHA
KOMIUIEKC paboT MO NPUMEHEHHIO OyTCTPEN-MOJEIMPOBAHUS B 3aJavyax HaJEeKHOCTH. B craThe
"BytcTpen-moaenupoBaHue NpH TMOCTPOECHUU JOBEPUTEIBHBIX HHTEPBAJIOB IO IEH3YPHUPOBAHHBIM
BBIOOpKaM' OHHU OINHUCHIBAIOT MPUMEHEHUE ITOTO TOJX0/a K aHAIM3Y PE3yJIbTaTOB IICH3YPUPOBAHHBIX
ucnbiTanuii [54]. JJocTOMHCTBO METO]a B TOM, YTO OH HE TpeOyeT anpHUOPHBIX MPEINOI0KEHHUHA O BUIE
@®P. B pab6ore [55] HO.II. Amiep ¢ coaBTOpamMH TPUMEHSIOT OYTCTpeN s OICHKH HWKHEU
JIOBEPUTEIILHOM TPaHUIIBl JOJITOBEYHOCTH U3JeNuil. B 3Toi U B IBYX MOCIeAyONMX padoTax TOH ke
Tpynnsl aBTOpoB [56,57] mpenjaraercsi, B 4aCTHOCTH, MCIOJIH30BaTh NAHHBIM MOIXOJ JISl PEIICHHS
Ype3BBIYAfHO aKTyalnbHOW Il Poccwm 3amaum mpomajieHust pecypca TeX WM WHBIX W3JICTUN WIIH
cucteMm. Kak m3BecTHO, mpobiemMa crapeHus AeUCTBYIONMEro 000py0BaHMS CTOUT ISl HAIlIEH CTpaHBI
KpaitHe ocTpo. Hawmxynmias TOYHOCTh MPOTHO3a HA TSITHJICTHUW TEPUOJ MO JaHHBIM paboThl [57]
coctaBmia okosio 18%. [Ipu 3TOM cieayer uMeTh B BUIY, YTO pPeub UAET O Mpoleaype, Korjaa rpyrra
AKCIIEPTOB B TE€YEHHE HEKOTOPOTO BPEMEHH IMPOBOJMIA PETYJSIPHOE OCBUIETEIHCTBOBAHHE OOBEKTA,
MocJie Yero Mo MxX OILIEHKaM pecypca U crpoutcs coorerctByromas MH. Ilpexne, yem mepeidtu k
OuYeHb OOJIBIIOMY pa3zely, CBSI3aHHOMY C PEeCypCOM HM3IEIUNA M METOJaM €ro OLIEHKH, OTMeuy emié
0JIHy paboTy Ha TeMy OYyTCTpen-MOJeNupoBaHus. JTa cTaThs [58], aBTOPBI KOTOPOH MPUMEHSIOT 3TOT
METOJT /TSl aHalTn3a 0€30MaCHOCTH KOHCTPYKITHH.

OcTanoBuMcs Tenepb Ha eHOMEeHOJIoTrHIecKux/pecypcHbix MH 1 UX mpUMeHEHHIX K pa3IuyHbIM
obbekTam u cutyarusM. A.B. AuToHOB B pabore [59] oOCykaaeT BO3MOKHOCTh MPOTHO3UPOBAHUS
pecypca aToMHbIX cTaHIMi. B 370l o0mactu mammHOCTpoeHus: (QyHIAaMEHTaIbHBIMU paboTaMH 110
JTAaHHOM mpobieMe, Ha MO B3I, sABistoTcs kHuru bonotuna B.B. [60] u OctpeiikoBckoro B.A. [61].
BaxxapiM akiieHTOM ctaThi [59] mpencTaBisieTcsi BBIBOA O TOM, YTO YUCTO BEPOSITHOCTHBIE METOJIbI
aHaJIN3a HEJAOCTATOYHBI MPUMEHHUTEIBHO K ATOMHBIM CTAaHIIMSM, TIOCKOJIBKY TOCJEICTBUS OTKAa30B
MOTYT MPHBOJUTH K KOJOCCAIbHOMY ymiepOy. B 3Tol curyamum OoH mpeaiaraeT mporHO3UpPOBAThH
pecypc ¢ y4eToM (YHKIIMM PHCKA, MOJ KOTOPHIM TMOHUMAETCS CTOMMOCTh MPHUYUHEHHOTO yiepoa,
B3BEIIIEHHAs 110 BEPOATHOCTSAM HACTYIUICHUS! COOTBETCTBYIOIIUX coObITUH. Hamo 3ameTuTh, 4TO Takoe
OTpe/eNIeHHe TOro, YTO TaKOE€ PHCK, HE COTJacyeTcsl ¢ MHOTOYHCIECHHBIMH padoTamMH II0
0€30IMacHOCTH, MOATOMY K YHCIIEHHBIM BBIBOJAM aBTOpa paboThl [59] s1 Obl oTHECCS C ompeseeHHON
CHEPKaHHOCTHIO.

II.E. MupmxymnaBa B pabote [62] obcyxmaer mpobieMbl CTapeHHUsI HE MEHEe BaYKHOTO IS CTPAHBI
00beKTa — TUIOTHH M TPOYMX THUIPOTEXHUYECKUX CcoopykeHud. OCHOBHasg upes 3TOW paboThl —
AQHAJIOTUSI MEXKIY CTapeHHEM IUIOTUH M CTapeHUeM Jrojield. ABTOp IpeJularaeT MCIojib30BaTh METO/IbI,
IpUMEHsieMble B JeMorpaguu Ui IPOTHO3UPOBAHUS pecypca TMAPOTEXHUYECKHX coopykeHui. K
CO’KaJICHHUIO, B pa00TE OTCYTCTBYIOT MPAKTUYECCKHUE JAHHBIC U TPOTHO3BI.

ABTOpBI paboThl [63] pemianu Ipyryro 3ajady: MPOrHO3UPOBAHUE pecypca U3JENNid, padoTaIOINUX
B YCIOBHUSIX YJApHBIX Harpy3ok. VMU mMOJy4eHbl NMECCUMUCTUYECKHE OLEHKH JOJITOBEYHOCTH, HE
3apucsmme ot Buna OP. [Tomydennsie B [63] pe3ynbTaThl MPUMEHSUIUCH JJISI OLIGHKH CPOKa CITYKOBI
TpyO maporeneparopoB. OHAKO, CIIPaBEAITUBOCTU PAJH JODKEH 3aMETUTh, YTO, BO-TIEPBBIX, B paboTe
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UCTIOJB3YETCs JOBOJILHO CEPhE3HBbI MaTeMaTHYECKWH ammapar, ¥, BO-BTOPBIX, YTOOBI JOWTH [0
MPAKTHYECKOTO pe3yJbTaTa OKa3aJloCh HEOOXOJUMBIM 3HAHHE CKOPOCTH pPAacXOIO0BaHUSI pecypca
TpyOOIi maporeHeparTopa, IJI0C JOMyIIeHHE O JMHEHHOM XapakTepe (PyHKIUU YCTaTOCTH.

[IpoGnema OIEHKH pecypca CHIIOBBIX MOJYNPOBOAHUKOBBIX MPUOOPOB B Cilydae, KOTJa W3BECTHA
3aBHCHMOCTD OIpEACIAIONINX TapaMeTpoB OT BpeMeHH, Oblla paccMOTpeHa B 8- riiaBe MOHOTpaduu
[64]. Tam mpemokeH OYEHb MPOCTOM TpadoaHaATUTHUECKHI CIOCOO HAXOXKIIECHHUS Y-TIPOIEHTHOTO
pecypca CHUIIOBBIX BBITPSIMUTENbHBIX THOOB.

Bonee moapo6HO pecypcHbie MH 1 mony4eHHbIE ¢ UX TIOMOIIBIO Pe3yJIbTaThl OyayT PaCCMOTPEHBI
YyTh HUKE MPH 0OCYKIEHUH MOJENEH YCKOPEHHBIX MCTBITAHUNA HA HA/IeKHOCTH, MOCKOJIBKY UMEHHO
TaM OHU B OCHOBHOM M HCIIOJIb3YIOTCH.

Pa6ot mo kunernyeckum MH, T.e. Mo aHanM3y KOHKPETHBIX MEXaHU3MOB OTKa3a u oreHke [TH ¢ ux
MIOMOIIIbIO, B PYCCKOSI3BIYHOM JUTEpaType OKa3ajloch O4eHb Mano. [lo-BUAMMOMY, 3TO CBSI3aHO B
NIEPBYIO OYEpe/ib C TEM, UTO JJIs aHAIN3a PealbHbIX (PU3MUECKUX MPOILECCOB AETPagallii HEOOX0UMO
JIOBOJIBHO JJOPOTOCTOSIILIEE COBPEMEHHOE 000PYJOBaHUE, KOTOPOIO Y POCCUICKUX MPEANPHUATHH, Kak
npaBuio, mpocto HeT. CamMoe HMHTEpecHOe, YTO MHE yAaloch OOHapyXuTh — 3T0 Opomropa A.E.
Knuora, mocesmieHHass MeXaHM3MaM JIeTpaJallid dJIEKTPOpaaAn0dIeMeHTOB [65]. B arToif pabote
NPOBEJCHBI pPAcyeThl MEXaHWYECKUX HAMpPsDKEHUH, BO3HUKAIOMUX IPH TMPOXOKICHWHM TOKAa B
MPOBOJIaX, MOIYIPOBOIHUKOBBIX MpHOOpax, KOHAeHcaTopax u T.m. O0cyxnaeTcs Gu3nka MEXaHH3MOB
nerpananuu, Ho He cobctBenHo IIH. 3a pybOexom (u3mkoil 0TKa30B 3aHUMAIOTCS JaBHO, MHOTO U
BIOJHE ycmemHo. JloctaTouHo oOpaTuTh BHHMaHHE Ha €XerojgHble KoH(pepeHIuun 1o (Qusnke
HaJIeXKHOCTH, MpoBoAuMBIe ax c 1962 roma. Ha crpanune http://www.irps.org/ Uutephera
HaXOJUTCS aJpec ATOTr0 CHUMMOo3uyMa. ['Mmepcchulku Ha MaTepuaibl 3TUX KoHdepeHmuit ¢ 1996 mo
2004 rr. Mo>xHO HalTH Ha cTpanule http://www.irps.org/ProcVideoHist.html .

Hakonern, mo oOmmM MoAeNsIM HAKOIUICHHUSI MOBPEXKACHU, caMO€ MHTEPECHOe — 3TO KHura [66],
Bhlienmas B uzgarenbctBe Mup B 1989 romy. Kak 310 BMAHO W3 camMoro Ha3BaHHUs, B HeW
o0cyxaaroTcst BeposiTHocTHie MH, mpuveM, 4TO MHTEPECHO, BO3HUKAIOUINE B paMKax H3JIaraeMoro
aBTopamu noaxona PP, He ONMHMCHIBAIOTCS HUKAKUMHU HIMPOKO PACIPOCTPAHEHHBIMU CTaHIAPTHBIMH
MojensiMUd. Maremaruueckass OCHOBa KHHrH [66] - MapKOBCKHE IIeMH, OJHAKO HapsAny ¢
MaTeMaTUYeCKUM anmapaToM B KHHIE€ MHOTO peajbHBIX npuMepoB u3 pa3paborok HACA,
AIPOKOCMHUYECKUX M MAIIMHOCTPOUTENBHBIX  (HUpM,  HAmpuMmep, 1O  JOJITOBEYHOCTH
[IAPUKOMOIINITHUKOB, 110 YCTAJIOCTHOM JOJTOBEYHOCTH CTalel, MO POCTY YCTaJIOCTHBIX TPEUIUH U
T.7. BaXHBIM 00CTOSATEIHLCTBOM MHE MpEJCTaBIsIETCsl TOT (akT, 4To onucaHHbie B [66] MH obnanarot
OoJbIIe THOKOCTHIO, YeM OOBIYHO HCIIOJIb3yeMbIe I TeX JKe Iesiel pacmpenerncHue BeiiOyrua,
JIOTHOPMAJILHOE paclpeielieHne, o0paTHoe pacnpeneicHue ['aycca u T.1m.

B 3akmodueHune 3Toro mojmpasziena 0030pa OOCYIUM BaKHBIA BOIPOC M3 00JacTh 00paboOTKU
JAHHBIX, Kacarommiics moadopa Buaa ®P no smmupudeckum nanHbiM. CTPOTO TOBOPSI, 3TO HE COBCEM
3amava U3 O0JIACTH HA/IEKHOCTH, TOCKOJIbKY €€ MPHUXOJIUTCS pelarh Mpu o0pabOTKe MPaKTUYECKH
MOOBIX BUJIOB JaHHBIX. TeM He MeHee, B 001acTu HajexkHoCTH, monoop OP nmeer cBon ocobeHHOCTH,
CBSI3aHHBIC C XapaKTEPOM JTAHHBIX O HAJIE)KHOCTH U UX OOBIYHON OTPAHUYCHHOCTBIO.

B 1999 rony B xypuaie HKK B pamkax pyopukn "Jluckyccus" ObITH OITyOJIMKOBAHBI ABE CTATHH

no mpoOseMe MPOBEPKU COTJIACHS OMBITHOTO PACHpPEENIEHUs] C TEOPETUYECKHUM MPUMEHUTEIBHO K
3aja4aM HajiexxHocTH [67, 68]. B manbHeiiem ouH U3 y4acTHUKOB 3To# Auckyccuu - b.1O. Jlememniko
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- BEpHYJICS K 9TOM npobiieme, u omyoiaukoBan B 2001 roay ctaThio ¢ KpUTHKOW MO3UINH, U3JI0KEHHOU
B [67], TIe JOBOJBHO TOJAPOOHO Pa3bICHUI HEKOTOpbhIC "TOHKOCTH' NMPUMEHEHUS CTaHIAPTHBIX
cratuctuueckux kpurepueB (IImpcona, Kommoroposa, Museca) mist 3ama4 OlLlEHUBAaHUS TapaMETPOB
@®P u mpoBepKHU TUIIOTE3 10 IIEH3YPHPOBAHHBIM BBIOOpKaM [69]. B [69] mpuBeneHa BakHas TaObIM9IKa
(c.35-36), mokaspIBaroIIas, KaKyl 9acTh HHGOPMAIIUA MBI TePSeM MPU OICHUBAHWU TOTO WJIM WHOTO
napaMeTrpa B pe3yJibTaTe IeH3ypHUpoBaHUs. ABTOp IMpojenan OOJbIIYI0 BIUUCIUTENbHYIO paboTy, B
pe3yipTaTe KOTOPOH MBI HMEeM BO3MOXKHOCTh OIICHUTh CTEMeHb IOTepu WHGOpMAIUKN s
cnenyromux BunoB ®P: skcrnoHeHnuanbHOro, BelOymmoBCKOro, MUHUMANbHBIX U MaKCHUMaJbHBIX
sHayenuii (I'ymOens), HopManbHOTO W JIorTHOpManikHOTO, Jlammaca, Panes, noructudeckoro, Komm u
ramma. CTOUT OTMETHTh, 4TO emié Ooyiee TOAPOOHBIE PE3YJbTaThl TEX KE CaMbIX pPacueTOB
MPaKTUYECKU B TO K€ caMOe BpeMsi ObUIM OMyOJIMKOBaHbI B KypHase "3aBojckas iadoparopus” [70].
(51 ©B1 pexoMEeHIIOBANI PETYJSIPHO MPOCMATPHUBATH ATOT KYpPHAJ BCEM, KTO 3aHUMaeTcs o0pabOTKou
IKCMEPUMEHTABHBIX JaHHBIX. OH OTJIMYAaeTCs BBICOKOW CTENEHBI0 AKKYpPaTHOCTH B TPHUMEHEHHH
MaTeMaTUYECKOro ammapaTta. B 4acTHOCTH, AJsl 3a/a4 HAJAEKHOCTH CTOMT OOpaTUTh BHUMaHHUE Ha
crateu [71,72]). PesynbTatel pacdyeroB mpuBeneHsl B [70] B Bume tabmmi 2-7, Te JaHO OTHOIICHHE
TOM MH(pOPMAINH, KaKyl0 MBI TIOJTy4YaeM IMpH [EH3yPUPOBAHHBIX HCIIBITAHUSAX K TOMY, YTO MBI UIMEIH
OBI Ge3 [IeH3yPUPOBAHHS, T.€. MPH MCIIHITAHMSX 0 OTKA3a BCEX MCIBITYeMBIX memenToB’. Hampimep,
u3 Tabn.2 cinegyer, uyro npu ucobitaHusax 100 oObexkTOB B ciydae, Korza oTkasano Bcero 20%
BBIOOPKH, MBI, OIICHHUBAs MapaMeTp SKCIIOHEHIMAIbHOTO pacmpeseneHus, nomydaem 16,83% = 17%
TOH MH(MOPMAIHH, KaKyI0 UMEIH ObI, €CITi OBl MPO/I0JKAIN UCTIBITAHHS 10 0TKa3a BceX 100 0ObhEeKTOB.
Uro 5TO O3HAuYaeT i MPAKTUKU? DTO O3HAYAET, YTO MAMCIIEPCHS OIEHKH HHTEPECYIOIIETO Hac
nmapaMeTpa SKCIIOHEHLIUAIBHOTO pacrlpeneneHuss Oyaer Ooiblle TOM, Kakas COOTBETCTBYET
HEIeH3YPUPOBAHHBIM UcTbITaHusAM, B 1/0,17 = 5,9 pa3 (cranmapTHas omuOKa OIEHKH OyneT OoJbIie
IpUMEpHO B 2,4 pa3a).

UYro kacaercs oOmmx cooOpakeHuidt o mpoBepke Buaa PP B 3amauax HaIeKHOCTH, TO aBTOP
OCTaeTCsl TOPSYMM TPHUBEPKEHIIEM TpaoaHATUTHIECKOTO METO/a, JydYIlleé BCEro OINUCAaHHOTO B
cTapoi, HO 04YeHb Xoporiei kaure Xana, [llammpo [73] (cm., Takxke, [74, 75]).

Haae:XHOCTL 3J1eMEHTOB.

IlockonbKy —paziuumblx 21eMeHmos8 OecyucienHoe KOIU4ecmeo, mo 8 OMoM pasoene
obcyacoaromes oannvle no ITH mex snemenmos, Kk KOmopvim asmop umen 3a npoumeouuit nepuoo mo
UU UHOe OMHOUIEHUe.

B rn.8 xuuru [64] npuBeaeHO MHOTO JaHHBIX MO HAJEKHOCTH CHJIOBBIX MOJYIPOBOJHUKOBBIX
npuOOpPOB - aKTHBHBIX JIEMEHTOB BCEX NMPeoOpa3oBaTelIbHBIX YCTPOHCTB, 0€3 KOTOPBIX HEBO3MOXKHO
HUKaKoe MpeoOpa30BaHue dEKTPOIHEPTHU. JIUTeTbHOCTS Ieproia mpupadoTku (dtan nagatomeit 1O
Ha puC.3) IS ATUX JIEMEHTOB CHIIOBOM JIEKTPOHUKH cocTaBiisieT oT 100 10 HECKOIBKHUX THICSY YacoB,
Y 3aBUCHUT OT CTEINEHH JKECTKOCTU pekuMa 3kciuryaranui. 1O B meproa HOpMabHOM SKCIITyaTaliu
nexur B mmamasone ot 107 g0 10°1/gac, sran Bospacranms MO (T.e. JONTOBEYHOCTH PHGOPOB)
Ha4yMHaeTcs npu HapaboTtkax, 6oibpmmx 100000 gacoB. Bee 3TO BITOJIHE COOTBETCTBYET aHAIOTUYHBIM
3apy0OekHbIM TipubopamM (cM. B [64] moapoOHbIi criucok jutepaTypsl K 1I1.8). Kak u aGcomoTHO s
BCEX IMOIYIPOBOIHUKOBEIX TTprbopoB MO B mepByto odyepens 3aBucut ot Temrnepatypsl (T). B ciydae

6 o
Ta6nnuen 1 Ha IMPaKTUKE IMOJb30BAaThHCA HE HA/l0, T.K. TaM MPUBEJACHBI TaK HAa3bIBA€MbI€ aCUMIITOTHYECKHE OLIEHKHU, T.€. OUCHKHU IIPpU 1
—> 0.
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CUJIOBBIX TMOJYIIPOBOJHHUKOBBIX HpI/I60p0B 9Ta 3aBHCUMOCTb MMCECT BHUA IIHUPOKO HpHMeHHeMOﬁ JJIA
BCECX I/ISI[GJ'II/Iﬁ BHCKT‘pOHHOﬁ TCXHUKHU MOACIN AppeHHyca:

(2)
Eka (1/T —1/T,)),

rne MT) u A(Ty) - UO npu temneparypax T u Ty, coorBeTcTBeHHO, E, - KOHCTaHTa, Ha3blBaeMas
SHEepruel akTHBAIMH, kK - TOCTOsHHAs bombimana (8,625><10'5 sB/rpan). DHeprusi aKTUBAIUK IS
OTEUECTBEHHBIX NPHOOPOB JIexkuT B nuanazone 0.3-0.6 3B. Jlynsg 3apy0exHbIX aHaJIOTOB 3TOT JHANA30H
yyTh BbIme: 0.5-1.0 3B.

A(T ) = A(Ty)-exp( —

Hano otmeruts, uTo 3apyOexHas mpeoOpazoBaTeNbHAs TEXHHWKA CETOJHS OPUEHTUpPYETCS Ha
HOBOE IOKOJIeHHe NpubopoB - Tak HasbiBaeMmble |GBT-tpansuctopsl. X HalekKHOCTh B YCIIOBHUSX
JKCIUTyaTallud B TEPBYIO0 Ouepellb omperensercss 4uciaoM LUKIOB (N¢) TeMIepaTypHbIX INEpenajoB
(AT), KaKne OHH BBIICPKHBAIOT . 3aBHCHMOCTb YHCIA HUKIOB OT AT OmpenemseTcss yCTanoCTHEIMHU
SBIICHUSIMH B TIPUIIOE, MOCKOJBKY BCE BBIIICYNOMSHYTHIE MPHOOPHI MPECTABISAIOT M3 CeOsl HEKUi
MUPOT, pa3IMYHble KOMIOHEHTHl KOTOPOTO MPUIMAUBAIOTCS APYr K JApYry. 3aech paboTaeT XOpollo
W3BECTHBIM BCEM CHEHUAJIWCTaM IO JUIMTEIBHOM IPOYHOCTH METAUIOB M CIUIABOB 3aKOH
MaJIOIUKIOBOIM yCTaloCTH, B CHJIy 4Yero (pyHKLIMOHAJIbHAs 3aBHCHUMOCTb YMCJIA IIUKJIOB OT Iepernaja
TeMIepaTyp aeTCsl BBIPAKEHUEM:

N.=®, (AT)", G)

rae @, v m - KOHCTaHThL. B [76] npuBeneHbl JaHHbIE, U3 KOTOPBIX CIEIYET, YTO B 3aBUCUMOCTH OT TOKa
U 4acToThl, HUKIOCTOMKOCTh IGBT-Momyneli MoXeT MEHATbCS B OYEHb IIMPOKUX MpeAesax oT
MUJTHOHOB JI0 COTEH IUKIOB. MHTepecHas paboTa mo ¢pu3nKe OTKA30B CUIOBBIX JHOJIOB, THPUCTOPOB
U TpaH3UCTOpOB omyOnukoBana EBporeiickom >xypHane mo cuiioBoi snektponuke [77]. O630p
COBPEMEHHBIX METOJIOB aHaliu3a OTKAa30B M TIOMCKAa NMPUYMH HMX BO3HHUKHOBEHHS OIyOJIMKOBaH B
xypHaie "Quality Digest" [78].

Kak s yxe oTmeuan Bbllle, B KHUre [36] AOBOJIBHO MHOTO MHTEPECHBIX MAAHHBIX IIO
HaJIe)KHOCTU. B "acTHOCTH, 10 JaHHBIM Tabu.1.6 mocTpoeHa mpuBelIeHHas HUKe (puc.4) auarpamMma

[TapeTo mo yucny NorudIIKX B TPAaHCTIOPTHBIX aBapusax B Poccuu B 1995 roxy.

Puc.4. Yucno moruOmux B TpaHcmopTHBIX aBapusx (Poccus, 1995) ([36])

Katactpochbi Ha
aBsTofoporax=620

ABWaUMOHHble
kaTacTpocpbi=168

ABapuu Ha
HemnesHbix
Aoporax=24

ABapuu Ha
TpybonpoBogax=2

7 Jleno B TOM, 4TO, KOT/a gepe3 MpUoOop UIET TOK, OH HATPEBACTCS 0 HEKOTOPOH TeMITEPATYPHI Tyayc, @ IIOTOM BO BpEMsI
nays3sl - OH OCTBIBAET J0 APYrou remmneparypsl - Tyyy,. PasHocTh MexY Tyaxe U Tyuy U JAET BEIMUMHY TEMIIEPATYPHOTO
nepenaga AT.
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Jlerko BUAETH, 4TO OOJIBIIE BCETO JIFO/CH THOHET y Hac Ha jgoporax P®. Otdactu (HO TONBKO
oTyacTu!) 3TO CBA3aHO C MPOOJIeMaMU HAJCKHOCTH aBTOTpaHCHOpTa. VMHTEpecHBId marepuan o
HAJeKHOCTH HMHOMApoK mpuBeAeH B ccbUike [79]. CormacHO 3TOMYy HUCTOYHUKY IO JAHHBIM O
HagexxHOCTH ¢ 1998 mo 2003 rr. muaepaMu 1o HAASKHOCTH SBISIOTCS SMTOHCKHE aBToMoOmn: Honda,
Lexus, Mazda, Nissan, Toyota. OmHako MO JaHHBIM 3TOTO TOAA O HAJEKHOCTH ABTOMOOWIICH
BO3pAcTOM JI0 Tpex Jiet, nepBbiMu uayT Lexus, Porsche n Hundai, a Toyota He momana gaxke B msTepKy
- [80].

BecbMa oOmmMpHBIE [JaHHBIE IO BHJAaM OTKa30B B TEPUOJ TapaHTUHHOW OSKCIUTyaTaludl ISt
OTEUYECTBCHHBIX aBTOMaIuH Mapku BA3 mpusenens B padote [81] (manubie oTHOCATCS K 1999 rony).
Ha pucyHnke, B3sToM 13 pa0boThl [81] moka3aHo TUIMMYHOE paclpeie]ieHre Yhciia 0Tka3oB st a/m 2110
B 3aBUCHUMOCTH OT BEJIMYHHBI mpoOera. M3 pHucyHKa XOpOIIO BUACH 3Tam MPHUPAOOTKH, UIALIHIACS
npumepHo 10 20000 kM mpobera.

Puc. 3r PacnpeneneHie uncna oTkasoB Ans asTomoounst BA3
2110 B 3aBMCMMOCTU OT Npodera

L
388

Yucrno oTkasos,

0,
t

F(")LOI\CD

2;’“] luals Hn

il
s}

ocT

Ha BTOpoM MecTe 1o uwnciay moruOmmx (cMm. puc.4) muer aBuarusa. To, 4TO ¢ HAJACKHOCTHIO
POCCHUICKOMN aBHALIMU HE BCE B MOPAIKE, NO-BUAUMOMY, BIIOIHE o4eBUAHO. JlanHbix no [TH MHe HaiiTh
He ynanock. OqHaKo, onpeaeneHHas nHopMaIys, IMEETCS.

B craThe, moCBAMEHHON CTOJICTHIO aBHAIMH [82], OTMEeYaeTCs OYCHb Ba)KHBI MOMEHT, HE IO
KOHIIa IPOYYBCTBOBAHHBIN POCCUMCKMMH PYKOBOJIUTEISIMU BCEX YPOBHEM:

HapexHocTb, TakK Xe, Kak U Ka4ecTBO,
OYeHb CUITLHO 3aBUCUT
OT KyNnbTypbl OOLWeCcTBa U OpraHU3aLuvn.

S He Mory BBIpa3uTh 3TO YTBEpXJACHUWE B BUAE (POpMyJbl, HO eciu Obl Takas Qopmyria
CYIIECTBOBaJa, TO BKJIAJ KYJbTypPHOW COCTaBISIOUICH, BO3MOXKHO, MEPEBEIINBal Obl MHOTHE YHCTO
TeXHUYEeCKHe mpobiemMbl. B wacTHOCTH, B [82] OTMEUaeTcs, 4TO B CTpaHaXx, Ie MPUHSIIN CHCTEMY TaK
Ha3bIBaeMBIX "TOOPOBOJIEHBIX COOOMICHMI'", KOJTUYECTBO aBapwii CHIDKAaeTcs. Tam, T1ie 9Ta cucteMa He
NPHUHATA, KOJUYECTBO aBapuil pacter. Jleno B ToM, 4To OOs3HB Haka3aHWUH MPUBOAUT K COKPBITHIO
MPOUCHIECTBUM, HEUCIIPABHOCTEM, MOJOMOK U T.M., €CJIM OHU HE TMOBJEKIM TParmueckoro ucxoja. A
€CIIM OHHM CKPBIBAIOTCS, TO MX NMPUYMHBI HE HMILYTCS, U 3HAUYUT MOBBIIICHUS HAJEKHOCTH MPOU30UTH
MIPOCTO HE MOKET, TTOCKOJIbKY BO3MOKHBIE MPUUYUHBI OTKA30B HE ycTpaHstoTcs. B cratbe "BbDKUTH
ynaercst peako?" [83] ormeuaeTcs, YTO BBDKMBAEMOCTh OTEUECTBEHHBIX BEPTOJIETOB IPUMEPHO B JBa
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paza Xyxe, 4yeM y aMepHKaHUeB. B pe3ynbTaTe Npu KaxaoM NaJeHUHM "BEepTyHIKU" B CpeIHEM
norubaet 60% HaxoAWBIIMXCA Ha OOPTY JItOJeH, Toraa kak B Amepuke 3ta 1udpa paHa 30%. "O
KaKOW HaJC)KHOCTH MOXHO BECTH pedb, €CIIH PYKOBOACTBO "Anspodora" CTPEeMHUTCS BBITYCTHTH
caMoJIeT B peiic Jro0oi 1eHo#" - 3TO muTaTa W3 MaTepuaja, o3arjaBiieHHOro "Aspodiotr" Tepser
HaZeKHOCTE" [84]. B kauecTBe OCHOBHBIX NMPHWYWH OTMEUYEHBI HU3Kas 3apaOOTHAs IiaTa W TSOKEIbIC
YCIJIOBUS TPYAQ, U3-3a YEro pacTeT AeUIMT TEXHUUECKOTO COCTaBa U najaer ero Kpaauduxamms. [lpu
TOM OTJENbHbIE 3JEMEHThl H/WINW YCTPOWCTBA MBI MO-TIPEKHEMY MOXKEM JielaTh Ha YypOBHE
3apyOeKHBIX aHAJIOTOB M TpeBocxoas ux. Hampumep, B crathe [85] pacckaswiBaercss 00 ycTpoiicTBe
JUISE PETUCTpallK, MMEIoIIeM HapaOoTKy Ha oTka3 cBbimie 700000 yacoB mnpu JWHAMUYECKOM
ko0a(ddurmente rorosaoctu 0.998.

Tenepp BepHEMcs K 3JIEKTPOHUKE, HO HE CHJIBHOTOYHOH, O KOTOPOH TOBOPHJIOCH BBIIIE, a K
c1a00TOYHOM, T.e. TOW, Ha KOTOPOH OCHOBAaH BECh COBPEMEHHBIN BBICOKOTEXHOJOTMYECKHH MHUD.
OOuryro cuTyalMio B Hamlelf CTpaHe IO 3TOMY BOIPOCY JIydllle BCEro, Ha MOW B3IV, OTPaKaroT
MaTepuanbl o ooumM Ha3zBanueM "KadecTBO MpOAYKIIMU paauodJIeKTPOHHOTO KoMIuiekca Poccum.
Hayuno-npaktuueckas xordepennus B Omcke" - [86]. DT0 KpaTKuii OTYET O COBEIIAHWH, TAE TOH
3aJaBald BOEHHBIEC, U Te ObUIO OTMEUYEHO, YTO OTEUYECTBEHHAas 3JIEMEHTHas 0a3a Mo HaJeKHOCTH
ycTymnaeT 3apyOexxHoi Ha 1,5-2 mopsnka. boxee Toro, psa JOKIaT4MKOB Ha OCHOBE COOCTBEHHOTO
OMbITA MPUILIN K BBIBOJY, YTO OT€YECTBEHHAs 3JIeMEHTHas 0a3a aaxke ¢ mpuemkoil "5" u "9" 3auactyto
yCcTymaetr 3apyOekHOoM Oa3e Kiacca "mpombllUieHHas" BO BCEM JAHAamna3oHe TEMIEpaTypHbIX H
MeXaHH4Yeckux BozjeiicTBuil. Emé Oonee rpycTHO, YTO OTEUECTBEHHOIO KPEMHUS, MPUTOAHOTO JUIs
HYXJ1 COBPEMEHHOM 3JeKTpOHUKHU B Poccuu HeT U He npeaBuaAnTcs. BoT nepedyeHb OCHOBHBIX MPUYHMH
0TKa30B 3J1eKTpopanuonsaenuit (u3 noxnana M.U. Kputenko):

- CXeMHO-KOHCTPYKTHBHBIE HEAOPAOOTKH;

- HeyJa4YHble TEXHUYECKHE PEUICHHS,

- HEINpaBWJIbHOE MPUMEHEHHUE 3JIEKTPOPATUOU3ICINN (MPEBBIICHUE JOIMYCTUMBIX AIEKTPUUECKUX U
TeMITepaTypPHBIX BO3JIEHCTBUN);

- HEJOCTaTKM W  HApyLIEHWs  TEXHOJIOTMYECKOro  mporecca  (HEAONMYCTUMBIE  YPOBHHU
TEXHOJIOTUYECKUX BO3JCHCTBUHN IIPU MOHTAXE JIEKTPOPAANOU3ICTUIN Ha MeUaTHBIC IIATHI).

MHe KakeTcsi, 4TO BCE€ BBIIICTIEPEUYHCICEHHOE MOKHO CMEJIO OTHECTH K MpobiieMaM HU3KOM
KyJBTYpHI Mpolecca pa3pabOTKU U MOCTAHOBKM Ha MPOM3BOJACTBO, T.€. MPHU HATUYUH PEabHOM, a HE
OyMakHOH cuCTeMBbl KadecTBa, cooTBercTByromed crangapty MCO 9001, Bce mnepeuyucieHHbIC
NPUYUHBI OTKAa30B MOTJIM OBl OBITh YCTpaHEHbI MPU BepU(UKALMU M BaJTUIAIUN COOTBETCTBYIOIIUX

POLEaYD.

Ha Toif e koH(pepeHIH IIIa pedb ¥ HOBOM KOMILJIEKCE BOSHHBIX CTaHIAPTOB IO HAIACKHOCTU
"Knumat" u "Mopo3" (6onee moapoOHO 00 3THX cranmaprax cMm. B [87]). OTMmeyanocs U T0, 0 4eM
BbIILE 51 yke nucai: "lIpakTudecku paspylleHa HEHTpaTU30BaHHAs cucTemMa cOopa, yueTa M aHaiu3a
OTKAa30B AJIEKTPOPATUOU3IEITHNI KaK B chepe MPOor3BOICTBA, TaK U MPH dKCILTyaTaru. .."[86].

Ha toMm »xe caiite www.electronics.ru ectb cratbs [88], mocBsiieHHas mpoOjemaMm pacyeTa
HQJIeKHOCTH TIpU  IPOCKTUPOBAHMM  paaAMOdJIeKTpoHHOW ammapatypel (POA).  HanexHocTs
OTEYECTBEHHBIX 3JIEMEHTOB IPE/UlaraeTcs pacCuuThiBaTh [0  CIPABOYHUKY, HU3aBa€MOMY
"eKTPOHCTaHAAPTOM", HAJIS)KHOCTh 3apyO0eKHBIX 3JIEMEHTOB - 10 cnpaBouyHuky MIL-HdBk-217F. 1
OTEUYECTBEHHBIH cHpaBouHMK, u crnpaBouHuk MIL-HdBk-217F wumeror ogHy u Ty ke
METOJI0JIOTHYECKYI0 OocHOBY: pacuer MO mo ¢gopmynam tumna (1)-(3) ruroc yder peabHbIX YCIOBUH C
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MOMOIIIBIO HA0Opa SMIUPUUYECKUX KodpduimeHToB. Hamo 3aMeTuTh, 4TO B 3apyOeKHOM TUTEpAType IO
HAJIOKHOCTU PDA, perynspHO BO3ZHHKAIOT JUCKYCCHH O MPABOMEPHOCTH KOA(PPHUIMEHTHOTO METOJa
MPOTHO3UPOBAHMS  HANEKHOCTH, 3ajokeHHoro B copaBouyHuk MIL-HDBK-217. Opna wu3
OTHOCHTEIHHO HEaBHHUX CTaTeH MO 3TOMYy MOBOIYy Oblia omyOysmkoBaHa B xkypHaie "Quality and
Reliability Engineering International" - [89].

YHnoMuHaBIIUHCSA BbIIIE MHCTUTYT "DJIEKTPOHCTaHAAPT" HUMEET CBOM CalT, HA KOTOPOM MOYKHO
3aKazaTh HYKHYIO JuTepatypy - www.elstandart.spb.ru/Core/100/dest 9 1.htm .

3apyOeHbIX paboT MO MeXaHW3MaM OTKa30B »JIeMeHToB PDA mpocto mope. Kpome yxe
YIIOMHHABIINXCS KOHpepeHuil no Gpusnke Haie)KHOCTH, JOCTATOYHO OTKPBITH JIF000I HOMEp KypHaia
"Microelectronics and Reliability", u mouyru mo6oit HOMep xypHama - "IEEE Transactions on
Reliability", umu "IEEE Transactions on Semiconductor Manufacturing". B wacTHOCTH, OTMeUy CTaThbIO
[90] u3 mocnenHero, KOTopas MoKa3zanach MHE BeCbMa Ba)KHOW JUIsl pEeLIeHUs MPOoOJIeMbl HAJIeKHOCTH
BHYTPEHHUX MEXKKOHTAKTHBIX COSIMHCHUH - TIPOOIIEMBI, aKTYaIBHOU JUIS BCEX M3JICIHN AIICKTPOHHKH.
N3 xypuana "IEEE Transactions on Reliability" xoTemock Obl 0OpaTHTh BHUMaHHE Ha CTAThIO C
Ha3BaHueM 'llpakTuueckoe BCTpauBaHHE HAJIEKHOCTH B IMOJTYIPOBOJHUKOBOE MPOM3BOACTBO" [91].
OcHoBHast ujaes CTaThH OYEHb MPOCTA: NMPH COBPEMEHHON CKOPOCTH Pa3BUTHsSI MOIYMPOBOJHUKOBON
TEXHOJIOTMH J>KAATh PE3yJIbTAaTOB MCHBITAHWN Ha HAJEKHOCTh MAJIONEPCIEKTUBHO, MO3TOMY HAJIO
3aHUMAThCSl HAJEKHOCTHIO Ha YpOBHE IUIACTUH U CO3/laBaTh 0a3y JaHHBIX O "BCTPOEHHOM"
HAJIKHOCTU C ampUOpHON HHGOpMaIuel, KOTOpPYyI0 MOKHO IOTOM HCIIOJIB30BaTh INpPH pacueTax
HaJIe)KHOCTH.

Tenepp paccMOTpUM HEKOTOPOE KOJIMYECTBO HMH(OPMALMU O KOMIBIOTEpaX M HMX 3JIEMEHTax.
Bonpmioit  ¢gupMeHHBI MaTepuand TO OLEHKE HaJeKHOCTH HAKOMUTENeH [Uis TepCOHAIbHBIX
KOMIBIOTEpOB mpuBeneH B [92]. Peur mumer o auckax ¢upmsl "Seagate", a marepuan (hakTHIECKH
COJIEP’KUT METOAMKY pacuera HaJeXHOCTH B pealbHBIX YCIOBHAX moTpeOutens. [lns pacueros
npeayaraeTcs UCnoib30Bath Mojenb Apperuyca (popmyny (1)) u ®P BeiiGynna. EnuncrBennoe "Ho"
K 3TOMY MaTepualy COCTOMT B TOM, YTO MapaMmeTpsl pacrpezneneHus BeiiOymia mnpennaraercs
OIICHUBATh MO pPE3yJibTaTaM pEaJbHBIX HCHBITAHUNA C TIOMOIIBIO CTAaTUCTUYECKOTO MaKeTa HEKOeH
aMEepUKaHCKOU (UPMBI, KAKUM BpSJI JIM KTO U3 POCCUHUCKUX IMOJIb30BATENIeH 3aX0YET BOCIIOIB30BATHCS.
Ho 310 00CTOSITETHCTBO HE SIBJIIETCS TPEMSTCTBHEM, TTOCKOJIBKY JUISI UCTIOJIB30BAHMsI MPUBEJACHHON B
[92] MeToauKH HYKHO OLEHUTH MapaMeTphl AByXIapaMeTpUUYECKOro pacrpeaeneHus BeiiOyina, T.e.
3HavyeHus 3 u O B hopmye (4):

F(t)=1-exp( —=(t/0)"), 4)

rae f u 0 - mapameTpsl GOPMBI U TIOJIOKEHHSI, COOTBETCTBEHHO. UTOOKI 3TO C/IeTaTh, MOXKHO B IIEPBOM
NpUOTIKEHUH TTOCTPOUTh dMmnupudeckyto OP Ha cerke pacmpenenenust BeitOymna. Texauka 3T0ro
nocTpoeHus aydmie Bcero omucana B [40] u [73]. [lomydennsie B [92] 3HadeHus aiis HapaOOTKU Ha
otka3 mpesbimatot 200000 gacos.

B cratee [93] mpmBeneHBI MOCTATOYHO TOAPOOHBIC PEKOMEHAAIMH IO OICHKE HAJICKHOCTH
OOJIBIIIOTO YHCJIAa KOMIIBIOTEPOB, HCIOIB3YEMBIX HAa TOM WM WHOM TPEINPHUATHH, a TaKXKe I0
ONTUMH3AIIMU CITIOCOOOB MX PE3EPBUPOBAHUS.

I'peukun, CunenbHUKOB B cBoel crathbe [94] 0OCYyXKIaloT BOMPOC O TOM, TaK JIM YK HaJeKHO
XpaHUTh UHPOPMAIMIO HA HAJIeKHBIX HakonuTesix? CyTh MpoOieMbl BIOJIHE TPUBHAIbHA U CBSI3aHA C
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KOJIMYECTBOM HCITOJIb3YEMBIX KOMITBIOTEPOB M BpeMeHeM xpaHeHus nHpopmaruu. B [94] mokazaHo,
YTO JaXe €CIU NPUHATh CPEAHIOI HapaOOTKy Ha oTka3 paBHod 750000 wacoB, To mpu pabore Ha
npennpuatud 20 KOMITBIOTEPOB BEPOSTHOCTH OTKa3a OJHOTO W3 BHHUYECTEPOB dYepe3 TpPH Toja
SKCIUTyaTalluy CTaHOBUTCS Oosbmieit 50%. A ecnu Ha HEM XPaHUIIOCH YTO-TO OYEHb BakHOE?! ABTOPHI
00CYyXTaf0T, KaK HAaWJTY4IIIMM 00pa30M BBIOPATh CHCTEMY PE3€pBHOTO KOITHPOBAHMS.

JlaHHBIE 1O HAAEKHOCTH KAapMaHHBIX KOMITBIOTEPOB, IPOJABAEMBIX HA POCCHICKOM pBIHKE,
npuBeAeHBI B 3aMeTke [95]. Hauxyamme nokaszarenu y kommnbstotepoB ¢pupmbl Compaq - kodhduiment
HEHAJISKHOCTH paBeH 27%, Hawitydmme - y ¢upmbel Palm - 1% (aBTopsl mon koadduimentom
HEHAJIS)KHOCTH TMOHMMAIOT OTHOIIEHHE 4YHCIa OTKAa30B 3a OIpPEJeNCHHbIH IepuoJ BpeMeHH K
KOJINYECTBY MPOJIAHHBIX 32 TOT K€ IepUOJ BpEMEHHU YCTPOUCTB).

B.H. Pyuko B crarbe "MonenupoBaHue TOBPEKICHUH B JACTANAX M HAJEKHOCTD
METaJUTypru4eckoro obopynoBanus" [96], ccbulasich Ha YHHUKAIbHOCTh METAJLTYpPTHYECKOTO
000py/IOBaHMS M €r0 BBICOKYIO 0O€30TKa3HOCTh, YTBEPXKAAET, YTO HAaWOOJee MEPCIEeKTUBHBIM ITyTEM
ofOecriedyeHus] HAAECKHOCTH JTOTO O00OpYyAOBaHUS SBISETCS '"CO3JaHHME CIEMUAIBHBIX CHCTEM
uHbOpMAIMM O CTENEHH MOBPEXKIECHUS PEMOHTHPYEMbIX JeTalel, He IOCTUTIIUX HpPeAeIbHOro
COCTOSIHMS M HE MMEIOIIMX OTKa30B" M HCIHOJIb30BaHHE BIIOCIEICTBUU 3TON HHMOpMaIM s
YIpaBICHHS HAJIC)KHOCThIO 000py0BaHUs. MHE KaXKeTCsl, YTO YHUKAIILHOCTh 000PYI0BaHHUsI BOBCE HE
MelIaeT MCMOJIb30BaTh TMIAHTCKUM MaTepua, HAaKOIJICHHBIH MMEHHO B METAIYpruH MO Mpodieme
HAKOIUICHUS] YCTAJOCTHBIX MOBPEXKACHHUM, XOTA 3TO COBCEM HE MPOTUBOPEYHUT HJEE MCIOJIb30BAHMS
nHGOPMAIINH, TOSBISIIOMICHCS 3a/I0JIT0 10 HACTYIUICHUS] KPUTHUYECKOTO cocTostHusA. K jpocTomHCTBAM
ctatbu [96], Ha MOH B3I, HAJIO OTHECTH OOJBIION CHMCOK MCIIONB30BAHHON B HEW nuTepatypsl (40
HauM.). B paGore omHoit u3 kadenp baymanku Taxke paccMarpuBaeTcs mpoOjemMa aHajn3a Ipoiecca
HaKOIUICHUS TOBpeXIeHWH B WHCTpyMeHTe [97]. B paborte paspaboranbl mMetomuku oreHkd [TH
MacCOBBIX OBICTPOPEKYIIUX OCEBBIX HHCTPYMEHTOB, M TPEAJIOKEHBl METOAbI TOBBIIICHUS 3TUX
nokaszarenei B 2-2.5 paza.

B xypuane "3aBoxackas naboparopus’, KOTOPBIA S BBINIE YK€ XBAJIWI, €CTh OYECHb Ba)KHAS
MOCTOsIHHASA pyOpuka - "OOmeH onbiToM". B Helt TOBOJIBHO YacTO MyOJIMKYIOTCS MaTepHalibl, KOTOPBIE
ctow1o Obl OpaTh Ha BOOpPYXEHHE APYTMM NPEINpHUATHSAM. B 4YacTHOCTH, NPUMEHHUTENTHHO K
npo0OsieMaM HaJeKHOCTH, XOTEJIOCh Obl OOpaTHUTh BHMMaHWE Ha craThio [98], B KOTOpod Ha
MPaKTUYECKOM IpHUMeEpe MOKa3aHo, KaK CIeAyeT MPUMEHSITh METOJl SKCIIEPTHON OLIEHKH B CUTYaIlHH,
KOTJla HEOOXOJMMO paH)XUPOBATh OOJIBIIIOE YHUCIO TEXHOJOTHMYECKUX (PaKTOPOB, BIMSAIOIIMX HA
BO3HUKHOBEHHE Je(EKTOB B JAETAIH CIOXKHOTO Mpoduis (pedb UAeT 00 OTIMBKaX OTBETCTBEHHOTO
Ha3HaueHus Ttumna "poTop"). AHKEThI IKCIEPTHBIX OLIEHOK MO KaXJAOW M3 JIBYX MPOaHAIU3UPOBAHHBIX
JleTael BKIroYan 1mo 8 BUa0B nedekToB u o 21 u 19 ¢gakTopos, cooTBeTCTBEHHO. Pe3ynbTaTtoM 3TOM
paboThl CTall0 W3MEHEHHE KOHCTPYKIHMH JUTHUKOBO-TIMTAIONIEH CHCTEMBI H KOPPEKTHPOBKA
TEXHOJIOTUH, YTO MO03BONWIO noayuuTh 100%-r0 TOOHOCTH JeTalied 1O PEHTTEHOBCKOMY
MIPOCBEUYMBAHHUIO, U CHU3UTH B 2-3 pa3za UX OTCEB APYTUMHU METOJAMHU.

EcrecTBeHHO, YTO 3aHUMaIOTCS MPOOIEMaMH HAJEKHOCTH U B MIEKTPOTEXHUKE U dHEpreTuke. Bor
HECKOJIbKO TpUMepoB u3 omblta 3TuX orpacieil. F0.H. Camoponos mpokiaccuduumpoBan aedexTs!
TypOOreHepaTopoB, 4YTO TIO3BOJIWJIO TIOBBICUTH HAQAEKHOCTh OTHX OTBETCTBEHHBIX U3ACTHH
anektposHepreTuku [99]. N.C. MuHKHHa ¢ coaBTOpaMHU pa3padoTaniy aJIrOPUTM OLIEHKH OCTaTOYHOTO
pecypca, TPUMEHUTEIBHO K BBICOKOBOJBTHBIM BhIKIouaTensMm [100]. Pamoukun wu Jlykankas
HOJTYYMIM 3aBUCHUMOCTh 4YHMCJIAa LHKIOB BBICOKOBOJBTHOTO BBIKJIIOUATENds! JO OTKa3a OT CHJIBI
npotekatoniero udepe3 Hero Toka [101]. [IpoGiema OATOBEYHOCTH KOHTAKTHBIX COCIUHEHHUU B
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SHEpreTuKe OONBIIMX MOILIHOCTEH u3ydanach B pabore [102], rae Ha OCHOBE IHATHOCTHYECKUX
JAaHHBIX ObLIa MOCTpOCHA (M3MYECKas MOJENb HaJEeKHOCTH KOHTakToB. B [103] rpymma aBTOpoB
00cyXmaeT mpoOIeMbl IKCIUTYaTallMOHHOW HAJCKHOCTH | MPOJIICHUS CPOKOB CITYKOBI 000py0BaHUS
st Cypryrekoit 'POC, a B [104] JI.K. Ocuka u3maraet oOmuiA Moaxo1 K 00eCredeHUI0 HaIeKHOCTH
AJIEKTPOCHAOKECHHSI TOTPEOUTENICH B COBPEMEHHBIX YCIIOBHSX.

Hakonen, B KOHIIE 3TOro mojpasjiena HEMHOTo MH(OPMalUu O HAJEKHOCTU BBICOKOBOJIBTHBIX
TpaHcOopMaTopoB - OuYEHb aKkTyaldbHas TeMa B CBET€ HENAaBHO Mpowusouienuniero B Mockse
JHepreTuyeckoro kpusuca. B utone c.r. B Mockse npomen komiokBuym CUI'PD, Ha xotopom cpeau
IpoYnX OOCYXIAINCh U MPOOIeMbl HAJEKHOCTH MOUIHBIX TpaHc(opMaTopoB. B oxHOM U3 10KIaI0B
(aBTopel: CokomoB B., Hypman C., [poOsimeBckuii A. "IIpoGrembl HaaeKHOCTH MOIIHBIX
TpaHC(HOPMATOPOB M PEaKTOpoB. Buapl W mpuyMHbBI 0TKa30B") mpuBeAeHb! AaHHbIE 00 MO MOIIHBIX
TpaHC(OPMATOPOB B 3aBUCHUMOCTH OT uX HapaOoTku. V3 pucyHkKoB ciemyer, uTto, Hampumep, MO
aBToTpaHcopmaTopoB Ha 500/220 kV nmpumMepHO MOCTOSIHHA BO BPEMEHHU AJIs HApaOOTOK OT HYJIS U 10
30 ner, u konebnercs ot 0,2 1o 0,5%/ron. ns tpanchopmatopos Ha 400MVA, 330kV nabmogaercs
SIBHO BBIPQXCHHBIN y4YacTOK NpUPaOOTKH IIUTENbHOCTBIO 10 3 ser, mocie vyero MO mpumepnHo
nocTostHHa, U konebdnercs ot 0,4 nol.5%/roa. (Marepuaisl KOUIOKBUYMa OyIyT BCKOPE JOCTYIIHBI JUIs
npuoOperenus. CooTBeTcTBYOMas HHGOpMAIHS T0JDKHA MOSIBUTHCS Ha caiite BOU um. B.U. Jlennna
— Www.vei.ru ).
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Mbl BCE )KI/IVBEM HA OJHOW XXENTOW
noaBoaAHOU NNOAKE...

(Hay4YHO-pOMaHTHYeCKasi HOBeJLJIAa)

JDcon JI. Kemmens u Hzope A. Yuiakoe

Mei, /Ixon u Uropb, nMenu, BEpOATHO, COBEPLUIEHHO YHUKAIBHBIN OMBIT HAYYHO-TEXHUYECKOTO
oOIIeHHS TJe-TO B KOHIIE «XOJOJHOW BOWHBI»Y. MBI pacckakeM Bam o ToM, Kak pa3BHBAJIUCH HaIle
3HAKOMCTBO U NEpeIUIeTAINCh HAIlM Hay4yHble MHTEpechl. M Mbl Hageemcs, 4yTO 3Ta KOPOTEHBbKas
HOBEJUIa TOCTYXHUT CONMKEHHI0O MEXIy HallUMH CTpaHaMu (M HAyYHO-TEXHUYECKHUMH
OpTaHU3AIHSIMH ).

[lepBoHauambHO MBI HaMEpPEBAIHMCh HAMUCATh HEYTO Cyry0o HayyHO-TexHumueckoe. Ho s
TOT0, YTO MOJYYMIJIOCh, MBI JIaXKe HE Cpa3y HallIM HazBaHUe. Mbl HajieeMcs, 4To BaM XBaTuT TeprieHus
NPOYMUTATh ITH OUYEHb JIMYHbIE BOCIOMUHAHUS U Pa3MBILIUIEHUS O HAIIeM OO0IeM HEJaBHEM IMPOILIOM.
Tot ke, KTo MHTEpecyeTcs OOJIbIIIe MAaTEMATUHIECKON YacThIO Halllel paboThI, MOXKET cpa3y MeperTH K
onucanuto anroputMma Kerrens B [Ipunoxenun 1 u ero ganpueiimemy pazputuio B [Ipunoxennn 2.

Yacrto 1.

éZJK‘OH.

B 1958 Coenunennsie llltater AMepuku B oTBeT Ha pa3pabotky B Coerckom Corose
nporpamMmbl MKBP (MeXKOHTHHEHTATBHBIX OQJNTUCTUYECKUX pPaKeT) Hadalu padoTy HaJ CHUCTEMOM
BMEWS, the Ballistic Missile Early Warning System, T.e. CucreMbl paHHEro MpemaynpeXICHHUs.
(BMEWS, Hano 3aMeTuTh, SBISETCS y)KACHO HEJETBIM COKPAIEHUEM, MTOCKOJIbKY MPOU3HOCUTCS TaK
XKe, KaK U aHTJIMICKOE CIIOBO “‘bemuse”, KOTOpoe 03HaYaeT «yBeceleHHney», «3abaBa».) Kak u Bcskas
Oonpiras cucrema, BMEWS Bkirouana B CBOW COCTaB OrpOMHOE KOJMYECTBO TAKHX IOACHUCTEM, Kak
WCTOYHHUKHU THUTAHHsI, COOCTBEHHO paJap, HEKHWE BBIYMCIUTEIBHBIC YCTPOWCTBA, HEOOXOIMMBIE IS
00pabOTKH JIOKAIMOHHBIX CUTHAJOB (B Te AHHM DBM mpeObiBanu eme B MIIaJCHYECKOM BO3pacTe).
Mos xommanns Kettelle & Wagner® (K&W) momydmma KOHTpakT Ha pa3paboOTKy MeETOZONOTHH
ONITUMAIBHOTO PaCHpPE/IEIICHUs] PECYPCOB MEX/IY PEe3ePBHBIMHU dJIEMEHTAMHU B CUCTEME.

Kak pa3 He3zamonro oo TOro s NPUCYTCTBOBAN Ha Jeknuu Pudapna bennmana, KOTOpBIif
pacckas3plBall IPO CBOM, TOTJA €I€ COBCEM HOBBIE, KOHIETILUU AMHAMUYECKOTO NMPOrpaMMHUPOBAHUS.
DTOT MOJX0/] MOKA3aJICS MHE YJJauHBIM JUIsl peIIeHUs] TOM MpoOJIeMbl, KOTopas cTosi1a rnepex Hamu. U
xot1s npoekT BMEWS 0Obu1 yxacHo cekpeTHslid, B 1962 rogy MHe pa3pemuin ormy0JIuKoBaTh CTAaThIO
110 ONTUMaJIbHOMY pe3epBHupoBaHMIo [1]. KpaTkoe u3noxeHue uaen Moero aropuTMa MO>KHO HalTH U
B [Tpunoxenun Nel.

8 Jlammen Barmep (1925-1997), wW3BeCTHBIH aMEPHKAHCKHH CICNMAINCT [0 HCCICIOBaHMIO orepammii. ORSA
(AmepukaHcKkoe OOIIECTBO MO MCCIEIOBAHHUIO ONEPaIlHii) YCTAHOBMWIIO B €ro yecTh [Ipu3 3a mydinee NpuiioKeHHe METOI0B
UCCIICIOBAHUS OIEpaIuii B IPAKTHKY.
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Hzopo.

B nauwane 60-x s paboranm B CoBerckom Coro3e B omHoM u3 3akpbiThix HUU, xotopsrit
paspabarpiBa  cucTeMy aucTaHiimoHHoro ympaBimeHus MKBP, To Oumb TemMu cambiMH
OQJUTMCTHYECKIUMH paKeTaMH C SAEPHBIMA OOETOJIOBKAMH. OTO OBUIO TOpsiuee BpEMs «XOJIOTHOMU
BOWHBIY, Korna Bo BpeMmsi KapuOckoro kpusuca odoum — u [xony Kennenu, n Hukure XpymieBy
XBaTWJIO padyma u3bexats Tperbeit MupoBoii BoWHBI...

K cnoBy, coBeTckre OaUTMCTUYECKHUE PAKEThl ObLITH HAIICIICHBI HE TOJIBKO
Ha Amepuky u 3anagnyto EBpomy: Kurtaii («iyummii npyr Coerckoro Coro3a»)
OBLIT TaKXKe HE 3a0BIT BHUMAHHEM. . .

Opna w3 MOMX 3a/ad COCTOSUIa B OOECTICUEHHH CHUCTEMBI 3allaCHBIMH
AJIEMEHTaMHM, YTO OBLIO Ui MEHSI COBEPIICHHO HOBOW TemaTtukou. [lpumuiocsh
MIEPEPHITh TOPY JIUTEPATYPHI, H, HAKOHEIl B aMEPUKAHCKOM KypHaie “Operations
Research” («MccnemoBanne omeparuii»y) s Hamen crarbio JIx. J[. Kerrens
«OnTuManbHOE pacrpesieseHue CPeACTB TSl TOBBIIICHUS HAEeKHOCTH [1].

S yBuzen, 4TO B CTaThe JAeTCs TOUHOE PEIICHHE OYEHb CIO0XKHON 3a1aun
pacnpeiesieHUs] PECYpCOB U MpeJIaraeTcsl MOHSATHBIM U JJa)ke, MOKHO CKa3aTh,
AJIETAHTHBIM BBIYMCIUTENbHBIN anroputM. CoO3HAIOCh, YTO HAIM MOMBITKH
WCIOJIb30BaTh ~ HAMPSAMYI0 JTUHAMUYECKOE TMporpammupoBanue Puuapma
bennmvana [2] okazanuch Oe3ycnemHbME. HamomHIO, 9TO y HAC B Te BpeMeHa
KOMITBIOTEPHI MPAKTUYECKU HE HCIOJIb30BAINCH B MOBCEIHEBHOW MH)KEHEPHOH MpakTUKE, a METOJ]
bermnMana ObLT COBEPIICHHO HEMPUTOACH MM «PYYHOTO cyeTa». HaljieHHBI anroputMm ObUIO OBl
CIIMIIIKOM JIOJITO HA3bIBaTh «MOAM(DHIIMPOBAHHBIM AITOPUTM JAMHAMUYECKOTO MPOTPAMMHUPOBAHUSY,
MO3TOMY S IyCTHJI B HAYYHO-TEXHHUECKUN 00MXO0/ HOBOE Ha3zBaHue — «Anroputm Kerrens».

Sl mepeBen cTaThbl0 M TMOMECTHJ €€ B COOPHHMK MEPEBOAOB MOJ Ha3zBaHueM «OnTHMaibHBIE
3amaun HamexHoctw» [3]. HasBanwe cOOpHHMKa BBITJISIAUT HEMHOTO TJYMOBAaTO: S UMEN B BUIY
«ONTUMH3AIMOHHBIE MPOOJIEMBbl», HO PEJAaKTOp M3/AaTelbCcTBa WM3MEHWJI Ha3BaHHEe Ha «Oojee
Omaro3ByuHoe»: «OntumanbHbie 3amaun»! KoHeuHo ke, 3T0 Obuta MOsSI OIIMOKa, MPOBEPSISI TPAHKU
KHUTH, HE O0OpaTUTh BHUMAHUs HA TUTYJIbHBIN JTHCT!

C Tex mop B pyccKoii iurepaType Mo HaJeKHOCTH BCE MCIOIb30BaIM I aJlfOPUTMA Ha3BaHUE
«Anroput™m Kerrensy». (Kak s 0OHapy uI1 BIIOCIEACTBUM, AITOPUTM HE HOCHJI TAKOTO MMEHU B CTpPaHE,
rzie oH ObLT pa3paboran!)

Co BpeMeHEM, KOMIIBIOTEPHI, HAKOHEII, CTaJIi pab0YUM WHCTPYMEHTOM WH)KEHEPOB, U 51 PN
MonuduimpoBath Anroputm Kerrens.  OTo Obula OdYeHb MPOCTEHBbKAs, M YECTHO TOBOPS,
HEe3HAYMTeNbHAs 10paboTka [3], XOTs mpoleaypa u OKa3aiach yIoOHOM: s Ha3Bajl ee « Y HUBEpcaIbHas
npousBoasmas Gpyukuus» [4, 5]. Oxka3zanoch, YTO 3Ta METOMOJIOTHS MPUBENA K PSAAY MHTEHCHBHBIX
WCCIIEZIOBAHUHN U MPAKTHYECKUX MPUIIOKEHUIN: MOM KOJUIETH | Ipy3bst U3 W3pawmns ['puropwuii JleButnn
n AHaroymii JIMCHSHCKMA CO CBOMMH KOJUIETaMH TIPOJETaM THUTAaHTCKyro paboty [6, 7, 8].
NcuepnbiBatomas O6ubauorpadgus 1mo pa3BUTHIO YHUBEPCATHHOM TPOU3BOANIEH (DYHKIIMH MOMKET
ObITH HalizicHa B [9].

Kpatkoe omucanme  moaudumupoBanHoro  Anroputma  Kerrens — (YHHBepcanbHOM
NPOM3BOASIIEH PYHKIMN) peAcTaBiIcHo B [Ipunoxennn 2.
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WASHINGTON, DC 20052 MOJIyYeHHUsS] KOTOPOTO OHHU MPHILIIOT MHE
OFFICE: (202) 9947519 ouIMaTbHBIE  KOHTPAKT, KOTOPBIH s

i 006
HQME: (703) 528,006 JOJDKCH IToAnucCaTrb M II0CJIaTb MM, Ha 4YTO

OHH JIOJDKHBI MIPHCIATh MHE O(HUIIMANTBHOE MOATBEPIKICHUE O 3aKIIOUYEHUU KOHTPAKTa... S MOHMMA,
4TO MOAOOHAS «TyAa-CloJa» OHOpOKpaTHYecKas Mepernucka OyAeT AIUTHCS JO BTOPOTO MPHIIECTBHS
(yuuTbIBash MENJICHHYIO IIOYTy M HENPEMEHHYIO IPOBEPKY KaXJOTO MHUChMa H3-3a2 TPAHUIIBI).
[TosTomy s pemmmn moexarh B BammHrToH cam u monamucath Bce Oymarm mpsiMmo Ttam. Moit npyr,
KOTOpBIN ciyxms1 HaydHbIM cekperapeM y AKaleMHKa-ceKpeTaps AKaleMuu HayK, TOMOT 0()OPMHUTH
MHE CPOYHYIO 3arpaHKOMAaHMPOBKY: OH OPraHM30Bal MHE TPEX/JHEBHYIO MOE3]Ky B AMEpHUKy, HO 3a
OWJIeTHI U MIPOKUBAHUE 5 JOJDKEH ObUT IIATUTH CaM ...

S npuneren B BamuHrToH, rae Moit crapunHbIi 1pyr Pobept Makon (KOTOpOro MHOTHE 3HAIOT
1o ero npekpacHoi kuure [10]) BCTpeTust MeHs B a3pOIopTy U NPEUIOKIIT OCTAHOBUTHCS Y HETO JOMA.
D710 OBLIO OYEHB KCTATH, IOCKOJIBKY y MEHS He ObLIO 1 JIOMAaHOTO aMEPUKAaHCKOTO rporia!

Ha cnenyrommii AeHb s NOIIET B YHUBEPCUTET IEIIKOM uyepe3 Bechb ropoh, B 30-rpagycHyo
xkapy u npu noutu 100% BrakHOCTH (OTCYTCTBHE JCHET — JAeMcTBUTENBHO, 310!). Keratn, korma bo6
BEUYEPOM YBHJEN MOW MOKpBIH MUIKAK, KOTJA S BEPHYJCS, TO, Y3HAB B YeM JI€J0, ObUI CTPAIIHO
OoOMXeH Ha MEHA, YTO S €My HHYero He CKasal, BBhIJall MHE COTHIO JIOJUIapOB CO CIIOBAaMH, YTO HE
WCTPAYEHHBIE IEHBIU 51 MOTY BEPHYTB EMY IIEPE OTHE3IOM. ..

Moxete ce0e MpenCcTaBUTh, KaK JOJITO s OOBSACHAT CBOMM AaMEPHKAHCKUM KOJJIeTaM B
YHHUBEpPCUTETE, YTO 51 XOTe Obl MOJTYUYUTh IPUTIIAIIEHHE HA TOJ C OIUIaTOM 3a CeMecTp, MOTOMY YTO B
IPOTUBHOM CJIly4a€ y MEHS HET IAHCOB B35Thb C COO0OM X eHy.. OHO HE MOIJIM MOHATh, MOYEMY
COBETCKMH CIEIMAIUCT, €CIU OH €T 3arpaHuily MEHblIe, 4eM Ha 9 MecsleB, OH HE MOXET B3STb
CBOIO JkeHy ¢ coOoit! Ilpunuioch pacckazarb UM O HEKOTOPBIX (PU3MOJIOTMYECKHX OCOOEHHOCTSIX
JKEHCKOT'O OpraHu3ma ...

Hakowner, st mognucan Bce Oymaru, BepHyJcs B MOCKBY, U 4epe3 JIBa MecsIla MBI C KEHOU yKe
nerenu B Amepuky! Kcrath, mockonbky He 6bino Gmmera Mocksa-Heio-Mopk - Baumurron, Ham
MPUIIUIOCH JIETETh MPETIOONBITHEHIIINM MapIpyToM (U 3a Herutoxue neHbru!): Mocksa — IllenHoH —
l'apana — Mexuko — Can-®panmucko — Heio-Hopk - Bammnarron! (K cuacTeio, B areHTCTBE
aspodiora y MeHs Obl1a 3HaKOoMas...) Bo Bcskowm citydae, 10 Hadana yaeOHOTO TojJla Mbl OKa3ajucCh B
Bammnrrose ...

[locie mepBoro cemecrpa, MHE MNPEUIOKWIM MPOMJIUTH KOHTpAakT enie Ha noaroga. Camum
MIOHMMaeTe, OTKa3aThes 5 ObLT HE B CHJIaX. A 3aTeM K MOEMY YAMBIIEHHIO MEHS MOIMPOCHIN OCTaThCs
eIle Ha rox ....

Korna yke moaxoamn K KOHIYy BTOpOM roja Moero npeObiBaHMs B BamimHrrone, s BIpyr
«IOYyBCTBOBAJI CEPALIE» — TPYAHO ObUIO 0€3 JBYX-TpEX OCTAHOBOK MOAHATHCS Ha BTOPOM 3TaX.

Xupypr-kapuojaor YHUBEPCUTETCKOTO TOCIUTANIS, K KOTOPOMY S MpUIIET Ha KOHCYJbTALHUIO,
CKasaJl, 4yTO HaJl0 JIeNaTh ONepaluio Ha cepAale... Onepaius npouuia yaauHo, Kak Bbl BUIUTE, HHAYE HE
nucath Obl MHE 3Toi ctarhu. [locime omepamuu TOT k€ XUPYpPr CKa3all, YTO MHE HEII0XO OBl OBLIO
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NMOOBITh MO/ €r0 HAOMOAeHHEM... S OBLT MPOCTO B MAHMKE: KaK ST MOTY OCTaThCs B CTpaHe 0e3 JICHer H
6e3 pabotsl? U TyT onsiTh Mot ipyr bo6 Makon momor MHe.

Tax BBIIJIO, YTO BO BpeMs MOETO MEpPBOTO BH3HWTAa B BamMHITOH, KOTJa S OCTAHOBWICS Y
MaxomnoB, mocie coOecemoBaHUS B YHHUBEPCUTETE, s OCTaBHJI B KOMHATe, I/I€ s JKWI, BCE CBOH
NPETIPUHTHI, KOTOPBIE sI TPUBOJIOK JISi MOATBEPKIACHHUS CBOEH MPOECCHOHAIBHON MPUTOAHOCTH (HO
HUKTO UX U He cMoTpen!). B omHoM u3 Hux Obuta ccbuika Ha ctatbio Kerrems! BoG coxpanmi sTot
NPENpPUHT U TOJApUi €ro cBoeMy crapuHHoMy Apyry Jlxony Kerremo, neMOHCTpHpYs, HACKOIBKO
ToT nonyJisiped B Corerckom Coro3e.

Korna bo0 noHsi1, B KakoM sl HAX0KYCh TOJI0’KEHUH, OH ITO3BOHUJI CBOEMY APYTY H ...

S momH10, Kak oxHax 16l o6 Makos Mo3BOHWI MHE B paccKas3al, YTo ero pycckuii apyr, Uropb
VYmakoB, yneras Ha pOJUHY, OCTaBUJI HECKOJIBKO MPENPUHTOB CO CChUIKAMHU Ha MOIO CTaThi0. DTO MEHS
3aMHTPUTOBAJIO ....

S oGHapyxwi, uTo B Poccuu anroputM, KOTOPHIH st 1300peIt, HOCUT MOe UMsi!

[Totom ronma vepe3 nBa boO omATh MO3BOHWI MHE M CIPOCHI, HE XOUY JIM S BCTPETUTHCS C
ABTOPOM CTaThH, TJ€ YIIOMHHAJICS MOW alropuT™M. S, KOHEYHO, OBLT ATOMY paji: TaK Mbl BCTPETHIINCH C
Uropem. Ero xoHTpakT ¢ YHuBepcuTeToM J[opmxa BallMHIToHa 3aKaHUMBAJICS, U 51 IPEJIOKUIT EMY
paboTty B Moeli komnanuu Ketron, Inc...

Yacto 111.

él.)f(‘OH.

Bckope MBI mipunmi kK uupee o
CO3JIaHUH HuctutyTa «KetpoH-
MockBay, koTopblii Mrops BO3TiaBuil B
KayecTBe AupekTopa. Mos uenb Oblia
MPUBJICYb TaJaHTINUBBIX PYCCKUX
MaTeMaTUKOB U MPOrPaMMUCTOB, YTOOBI
MOMOYb CBOEH KOMIIAHHUH, a UEJbI0
Hropst — HACKOJIBKO sI IOHMMAJ — ObLIa
MOMOIIIb CBOMM JPY3bsIM H OBIBIINM
KOJUIETaM BBDKHTH B TOW AKCTPEMAIbHO
TSDKEJION 00CTaHOBKE, KoTOpas

cinoxuiace B Coserckom Coro3e.

Hzopo.

S Xopollo MOMHIO CBOM caMblil TEpBbII
nenb B Ketpone ... Moii oduc OblT 10 COCEACTBY C

opucom mpesumenta — Jhxona Kerrens. On
OPEICTaBUJI MEHs BCEM COTpPYIHHMKaM CBOEH
KOMITaHUU. Cexperapma JxoHa cTama 1o

COBMECTUTENLCTBY M Moed. Oduc  Obin
NpEeKpacHeli — 0COOEHHO BHUJ W3 OKHA, TJE Ha
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ropu3oHTe Bo3Bbimaics Bammarronckuii Kadenpansusiii Cooop...
S nHagan paboty. VY JIxoHa ObUIH TpaHAMO3HBIC TUIAHBL: KaK MPUBJIEYh PYCCKUX MPOTPAMMUCTOB U
MPUKIIATHBIX MAaTEMATUKOB Ui paboTHI 37eCh, B AMepuKe... S OblI MOoIoH 3HTy3ua3zMa!l

Cekperapma JlxoHa, J>KeHHC TpuUHECTa MHE KHITy Oymar, KOTOpbIE sl MIPEICTaBMI B PUPMY
npu opopmiennu. Cpenu HUX 51 OOHAPYKUI... HECKONIBKO ee oT4eToB B MBP 0 Momx pasroBopax c
MOHMMHU PYCCKUMH KOJUIETaMH, KOITUM MOUX eMeilyioB U T.n. KoHewyHo, u1st MeHsl 3TO He OBLIO YeM-TO
HOBbIM: KI'b nnu ®BP — Benuka nu pazaumna?

JlxeHuc Oblia oueHb MUJIAs JIEBYIIKA, TIOATOMY 51 TIOTUXOHEUKY
npuHec el Bce 3TH Oymaru co cioBamu, 4To B CoBeTckom Coroze 3a
TaKOW «IPOKOI» ee OBl CypoBO Hakazaian. Ho MbI coxpaHuUM cekpeT 00
9TOil ommbOke Mexay Hamu. C Toro MomeHTa JI)KeHHC cTajla MOUM
XOpOIIMM JPYrOM U MOMOIIHMKOM (2 C MOMM aQHIJIMHCKUM MHE 3TO
OBLIO OYEHBb HY)KHO). ..

K mH©ecuactpro, 3ta pabora mmunack Hemonro. Kommanus
00aHKpOTHIACh (XOPOIIMI TpPUMEp CIyYalHBIX COOBITHA TIpH
KaluTaJIu3Me), HO ¢ moMomipio JIXKoHa MHE ynanoch HAWTH HOBYIO
pabotry. OH pEeKOMEHIIOBal MEHs CBOEMY OBIBIIEMY COTPYIHHKY,
KOTOpBIH  cTanm  Bune-npe3ugeHTOM 1O  Hayke  T'MTaHTCKOM
amepukaHckoil TenedonHoi kommnanuu MCI.

Tak ¢ momonisto JI>xona Kerrens s Beixun B CILA. ..

Yacrs IV.
Hzops.

Hama coBmectnast paborta 3aBepummiack. Ho nHama apysk0a
emie Oousblie okperia. Mbl e3mwin B roctu K Kerrensm, oHm
HaBeIllaJIH Hac.

Opnaxnel B Jlens HezaBucumoctu 4-ro uroiasi Mbl HABECTHIIN
Kerrenelt u paxe mNpUHSIM ydacTHE B HMIPOBU3HMPOBAHHOM
«BOEHHOM Mapaze». [[KoH pa3nan BceM «JiepeBsiHHbIe pyxbsa». (Ha
¢doro: moit ceiH CiaBa, TOCTUBLIMI Toraa y Hac, /KOH M ero Jpyr,
COBETHUK BpUTaHCKOTr0 MOCONIBCTBA, )KUBIIHIA 110 COCEJICTBY.)

A omHaxabl MBI ¢ J[KOHOM
CIIy4allHO BCTPETUJIUCh HA MpUEME

«OBIBIIIX BBIITY CKHUKOB)»
XUPYPTUYECKOTO OTZEICHUS
KapUOJIOTUYECKOTO TOCTIUTANS

npu  YuuBepcutere  [[xopixka
BammHrrona.

Tax ciy4usioch, 9YTO OJIMH U TOT XKe XUPYPT Aeal oneparnun
u MHe, u JlxoHy. I ¢pamuust y 3TOro SrmoHCKOro mapHs Obuia Mmo-
PYCCKH JIacKOBasi: 3Bajii €ro AJIHOHA...
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Yactn V.

4]9}(‘0 .

HenaBno Urops mno3BoHmn MHe W mnpuriacun ydactBoBath @Dopyme ['Hemenko. bopuc
['HeneHKO OYeHBb XOPOIIO U3BECTEH B HAYYHBIX Kpyrax AMEpUKH, KpoMe TOro, 51 BCTpedal mpodeccopa
I'menenko, korma on HaBeman Urops B CIIA u mocernn Hamry dupmy. [losToMy s pemmi npUHSTH
ydactue B pabote @opyma HaCTOJIBKO, HACKOJILKO MHE ITO3BOJIUT MO€ OpEHHOE TEJO.

Bckope Uropp mpemsiokun MHE HamUcaTh COBMECTHYIO CTaThbiO O pa3sBUTHUM AJTOpUTMa
Kerrens, uro, s HasewCh, OyJeT OCYIIECTBICHO.

Uropp Taxke Mpeasio’kuil HalmucaTh COBMECTHO 3Ty HCTOPUIO KaK MPUMEP 3aMeyaTebHOTO
HAYYHOTO COTPYJHHYECTBA, yOEIMB MEHs, YTO OHA MOMET OKa3aThbCsi HWHTEPECHOH HE TOJIBKO
CIeUaINCTaM M0 HAJACKHOCTH. S 1ymMatro, 4yTo OH mpaB. B caMoM KOHIIE «XOJIOJHOW BOMHBD) MBI C HUM
QyMajid, 4YTO HaM YyJacTCsl BOBJIEYb POCCHICKHE TaJaHThl B paldOTy HaJa HWHTEPECHEHIIUMHU
MPUKJIAJHBIMU MaTEMaTHYECKUMHU MPOEKTaMU, KOTOPBIE BCTAJIM MEPE]] «3alaJHbIMU KOPIIOPALUSIMID)
(a Ha camom nene u mepen BceM Mupom). K coskanennto, HaIM TUTaHbl He OCYIIECTBUIIUCK...

C «Hagex/oM, 4TO BECHA BEYHO KUBA B IPyIU qenmoBeka’", s ObI C PaloCTBI0 BEPHYJICS K TOMY
IIPOEKTY ceryac. Bepcus Takoro mpoekTa B HOBOM 3ByYaHUU TaKOBA:

e CocraBieHHE TEPEYHs TMPABUTEIBCTBEHHBIX M KopropaTuBHbIX mpoOinem B CIIA,
Poccun u gpyrux crpanax. Sl roToB mopaboTaTh HajJ aMEPUKAHCKOHN YacThIO TIEPEUHS U
NPECTABIIO Pe3yabTaThl HA POPYM, UTOOBI U APYTHE «ITOKAYAIH» CBOU COOOPAKEHUSI.

e (CooTBercTByIOmas TOMOOpKa UACH W3 00JAaCTH TPUKIATHOW MaTeMaTHKUA (H
MCCIICZIOBAHUS OTIEPAIii) BKIIOYACT U MPOOJIEMbI, UHTEPECYIONINE MEHS JTHYHO:

o HoBblii myTh EPETOBOPOB € UCIIOJIB30BAHUEM «KOMIBIOTEPHOU TPETHEH MapTUMY.
DTO MOXET OBITh HCIIOJIB30BaHO, HATPUMED, TTPH MEKIPABUTEIILCTBEHHBIX IEPETOBOPAX
WJIM NIPU TOKYTIKE HEABMKHUMOCTH.

o D¢ (deKkTUBHOCTh MPOU3BOJCTBA. boIbInas 4acTh MPUKIAJHBIX MAaTEMAaTHYECKHX
NPOEKTOB — B YaCTHOCTH, B OOJACTH WCCIIEJIOBAHHUS oOIepanuii — (QuHAHCHUpYeTCS
YaCTHBIMHM KOMIIAHHUSIMH, ITOCKOJIBKY 3TO IIOMOTaeT UM BBDKUTH B KOHKYPEHTHOI Ooproe
u «caenars aeHsruw». Ilpu stom B CHIA neilcTByeT aHTUMOHOIOJIbHBIM 3aKkoH. B
pesyibTaTe yApydyarolie Majlo  JieNlaeTcsl  JUIs  HOBBIIIEHHS  3(PPEKTUBHOCTH
MPOU3BOJICTBA B 1eJIOM. JIOTHYHO paccykaas, BOSHUKAIOT HIEU «KOMMYHUCTUYECKOTO
TOJIKa», THOO 3aMMCTBOBAHUE OMBITA IPYTUX CTPaH.

S OBl ¢ paloCThIO IPUHSIT yUacTue B paboTe Ha/l TAKUMH MPOSKTaMHU.

Hzope.

Heckonbko nmueit Hazan s mo3BoHmn JlxoHy KeTTenmo w mpemiokun eMy MPHCOSAUHUTHCS K
®opymy ['mHenenko. OH mpHHAT TMpeasiokeHue, u, 0oyiee TOro, Mbl PEUIMJIM HAIMHUCATh COBMECTHYIO
craTthio 00 Anroputme Kerrens.

W HeoxumaHHO, MHE MPUIIUIA MBICTH, YTO JKUBY s B ToM camoMm CaH-
Huero, rae 6onee 50 ner nazan xon coyxun B BM® CIIA odunepom Ha
noaBoHOM noake!.. [Touemy s 06 sTom mogyman? Krto 3HaerT... MoxkeT OBITH,
MOTOMY 4YTO SI, CUJS B YIOTHOW KBapTHUPKE, CIIYIIAI0 MOIO JIIOOUMYIO IMECHIO
burtnos «Kenrast moaBoaHast 10aKa» ?

Crpoka u3 kiaccHueckoii mosms1 IpHera Jloyperca Toiiepa "Casey at the Bat".
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W eme s mogyman: Kak HaM BCEM TOBE3JIO, YTO HUKAKOW CyMAacCHICIIINKA B TO y>KaCHOE BpeMs
KOHQPOHTAIIMA MEXKIY HAIIUMH CTpaHAMH HE Ha)kall KHOMKH IycKa Oa/UIMCTHYECKON pakeThl ¢
SIIEPHOM OOETOJIOBKOM! ..

Ilpuno:xkenue 1: Onucanue anropurma Kerreas

JomyctuM, MBI paccMaTpuUBacM TOJBOJHYIO JIOAKY, KOTOpas JIOJDKHA  BBITOJIHUTH
OTIPEICTICHHYIO OTICPAIHIO JITUTEIILHOCTH ¢, HE 3aX0/sl Ha 0a3y. DJIIEKTPOHHOE 000pYJ0BaHUE HA OOPTY
MOJUIOAKU TIPEACTaBISIET COOOHM TOCiIeqoBaTeIbHOE COCAMHECHUE # PAa3IMYHBIX (DYHKIMOHAIHHBIX
6mokoB. IIpu oTka3ze OCHOBHOTO OJIOKa OCYIIECTBISICTCS 3aMEHA €Tr0 3alacHbIM, IPH STOM CUYHUTAETCS,
4TO0 cucTeMa (QYHKIIMOHUpPYET O0e3 HapymieHus: padotocrmocoOHocTH. [lockonabKy o0beM ckiama Juist
XpaHEHUs] OTpaHuueH, TPeOyeTCs HAaWTH ONTUMAIBHOE YUCIIO 3alacHBIX OJIOKOB, CYMMapHBIH 00beM
KOTOPHIX HE TPeBBINIad OBl 3TOT 3aJaHHBIA 00BEM, oOecreywBas TPUH ITOM MAKCHMAIIbHYIO
HAJISKHOCTh 00OpynoBaHus. Pagwm MpOCTOTHI, JOMYCTHM, 9YTO CyMMAapHBIH 00BEM, 3aHUMAaeMBbIi
O0JlokaMHd paBeH CymMMe OOBEMOB OTACNIBbHBIX OJIOKOB. (DTO IOMyIeHHE JeiaeTcs BO H30ekaHue
HEOOXOJMMOCTH TapAJICIIbHOTO PENICHUs 3a/Jadd 00 ONTUMAIBbHOHM YNakoBKe. B KOHIIE KOHIIOB,
MOJKHO TPEAIOJIOKUTh, YTO OJIOKM UMEIOT Pa3jiMYHyK) CTOMMOCTh, a OTPAaHMYCHHE HAJIO0XKECHO Ha
CYMMapHYI0 CTOUMOCTb BCEX 3allaCHBIX OJIOKOB.)

[Tpexxae yem chopmynupoBaTh 3a7ady B OOIIMX YepTaX, BBEACM CIEIyIOIINUE 0003HAUCHUS:

n — 9UCc0 (QYHKIIMOHAIBHBIX OJIOKOB Pa3IMYHBIX TUIIOB B COCTaBE CUCTEMBI,
Xk — YKCIIO 3aIacHBIX OJIOKOB THMA K,
Ri(xx) — BeposATHOCTH 06€30TKa3HOM pabOTHI OCHOBHOTO OJIOKA THMA k B TEYCHHUE 3aJaHHOTO IEPHOIa

BpPEMEHH / TIPU YCIIOBHH HAITUYUS X 3aIIACHBIX OJIOKOB,

Vi — 00veM oxmHOTO OsToKa THMa k. (Ilpw cremaHHBIX MPeanoN0oKeHUIX, CYMMapHBIH 00BheM Xk
3armacHbIX OJIOKOB PaBEH Xj Vi).

Heobxomumo HaiiTu Takoil BekTop X=(X|, X2, ..., X,), KOTOpPBIi MaKCHMH3UPOBAJI ObI
BEPOSTHOCTh 0€30TKa3HOW pPabOTHl ANIEKTPOHHOTO O0OpYNOBaHMS MOJBOJHON JIOIKH 3a BpeMs
BBITIOJTHCHUSI OTIEPAIMU JJTUTESIILHOCTH .

B maTtemarnyeckux 00O3HAYEHHSIX 3Ta 3a7ada MOXET ObITh CHOPMYIHPOBAaHA CICAYIOUIUM
o0OpazoMm:

max HRk (x)l kaxk <C\par
X

1<k<n I<k<n

rae Crygr — OTpaHUYEHUE Ha CYMMapHbBIA 00bEM 3amacHbIX 0JI0KOB (00bEM CKIIAJICKOTO MTOMEIICHHMS ).
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HpOI[eMOHCTpI/IpyeM pa60Ty ajiropuTMa Ha MOpOCTOM IIpUMEPE CUCTCMbI H3 YCTBIPECX
IOCJICA0OBATCIbHO COCANHCHHBIX OJIOKOB.

lar 1. Jlns Kakmoro OCHOBHOrO OJIOKAa CHCTEMBI IS KaKJOTrO 4YHCIa 3alacHBIX OJOKOB X,
3amuIIeM BepOSTHOCTD Ry(X;) U CYMMapHBIH 00BEM Vi Xi.

Tabmuma 1.
Yuciro 3anacHBIX OJIOKOB 0 1 2 3
BeposiTHOCTE 6€30TKa3HOH pabOTHI R;(0) Ry(1) Ri(2) Ri(3)
Bbnok 1 CymmapHslii 00beM 3amacHbix 610k0B 0 \] 2vy 3v,
BeposTHOCTh 6€30TKa3HON pabOThI Ry(0) Ri(1) Ry2) Ry(3)
bnok 2 CymwmapHsblii 00beM 3amacHbix 06710k0B 0 A% 2v, 3v,

BeposTHOoCTh 6€30TKa3HO# pabOThI R3(0) R3(1) R3(2) R;i(3)
bnok 3  CymmapHbIit 00beM 3amacHbIX 070k0B 0 V3 2v;3 3v;

BeposTHocTh 6€30TKa3HO# paboThI R4(0) Ry(1) R4(2) R4(3)
bnok 4 CymMmapHbIii 00beM 3amacHbIX 070k0B 0 2 2v, 3vy

Illar 2a. “O6wvenuuM” 6710KU 1 1 2 ciieayronmm 00pa3om

o~ Tabnuma 2.

E bnok 1

= bnok 2 0 1 2 3

M 0 ORI(O)RZ(O) Ri(1)Ry(0) gl(z)Rz(O) ?1(3)R2(0)

Vi Vi Vi

% I Ri(ORy(1) Ry(1Ry(1) gl(z)Rz(l) ?1(3)R2(1)
Vo vit vy Vit vy vit vy

g 2 1;1(0)R2(2) Rl(é)Rz(Z) 51(2)2112(2) ?1(3)21?2(2)

Vi vit2v, vit2v, vit2v,

Q 3 Ri(OR(3) Ri(DR(3) Ri(2)RA3) Ri(3)Rx(3)

O 3 Vi V1+3 Vi 2 V1+3 Vo 3 V1+3 Vi

~

Iar 2b. “O6wvenuaUM” 6710KK 3 1 4 CIEAYIOMMM 00pa3oM

Tabnuna 3.
Bnok 3
brnok 4 0 1 2 3
0 R3(0)R4(0) R3(DR40) R3(2)R4(0) R3(3)R4(0)
0 V3 2 V3 3 V3
I R3(0R4(1)  Ry(DR4(1)  R3(2)R4(1)  R3(3)Ry(1)
Vy V3t vy 2 V3t vy 3 V3t vy
2 R3(0R4(2) R3(DR4(2) R3(2R4(2) R3(3)R4(2)
2V4 V3+2V4 2 V3+2V4 3 V3+2V4
3 R3(0R4(3) Rs(DR4B) R3(2)R4(3)  R3(3)R4(3)
3 V4 V3+3 V4 2 V3+3V4 3 V3+3 V4

IlTar 3a. Bce mapsr {R(x1)*Ra(x2); vixi+ vox2} YyHOPSAOYMM IO BO3PACTAHUIO CYMMapHOTO 00BbeMa
3aMacHbBIX OJIOKOB W 3aT€M HCKJIFOYUM BCE Tapbhl, KOTOPBIC NIPH OMHAKOBOW WIJIM MEHBIICH
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BCPOATHOCTH UMCIOT 6OJ'IBH_II/I€ O6LéMBI. B pesyanaTe MMOJYYHM IOCJICA0OBATCIIbHOCTD BUA:
I I I I 1 1
(R VIRV Y ARV

DTa Mocaen0BaTeIbHOCTh HA3BIBACTCS DoMUHUpYIowel nociedosamenviocmoio. I1o cytn nena,
3T0 MHOXecTBO Ilapero. KoHeuHo, /Ui Ka)KI0ro YjaeHa TaKOH JTOMHHHUPYIOMIEH MOCIIeI0BATEIBHOCTH
13 Tabnuipl 2 TerKo HaAXOAUTCS, KAKOE YUCIIO 3aMacHBIX OJIOKOB X| U X; IOJDKHO OBITH BEIOPaHO, YTOOBI

obpasoBate mapy {R],V/}.

PesynpraT Takoro

“o0beuHEHUS,

IMO3BOJIAOUICTO TMOCTPOUTH

JOMUHUPYIOLIYIO [TOCIIEA0BATEIbHOCTD, MOKET OBITh MIPEJICTABIIEH B BUJIE CIIEIYIOIIEro rpadukKa:

NCCJICA0OBAHUA

pe3yJbTaTe

R

Lol
R;r ................................... ._
«*
o P
r E i
e I
] T *0)] @ :
- I i =) .
R] """ - 5 i o -
I !
L opl Vi I

OB03HANEHNA: & ODMIHHHpYHLRHE

HOJ‘IyllaeTCSI
R AR VARV

2 HCKITHIeHHBIE

Illar 4. TIloctpoum 3axmounTenbHyro Tabmuiy 4.

Tao0mnuma 4.

Bropas
JIOMUHHUPYOIIAs
MOCNIE0BATENbHOCTD

JOMHUHHUPYIOLIAs

[TepBas goMUHUpYIOIIAsA MOCIEN0BATEILHOCTD

1

R11R1”
vt
R/ R}
v +v/
R11 R3”
v +v/

2

R2[ RIH
vi+v!"
RIRY
VZI + V211
RiR!
Vzl + V3”

3
R/R/
v+
R/R)
vi+v/
RIRY
vi+v/
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Ilar 5.

Teneps ¢ 3akmountensHO Tabmureit 4 ocymecTBUM POLEAYPY, AHATOTHYHYTO TTPEIBIIYIICH.
bepém Bce mapser

R RV +V AR RV +V ARy RV + VLR -R V]V

yHOpsAJOYMBaeM HMX MO BEJIMYMHE CYMMapHOro o0ObeMa 3amacHbIX OJOKOB, HCKIIOYUM
COOTBETCTBYIOIIME TMapbl, Kak H paHee, Hu copMupyeM (UHATIBHYIO JTOMUHHPYIOLIYIO

TOCIEI0BATENBHOCTD: {R* V' * L {R*,, V' * b AR* V* }..

Pemenne. Haxomurcs Takoit Homep k, it kotoporo Vi <Viwg< V*i1. Ilo mape {R* .,V *,},
ABJISIOMIEICS PEMIEHUEM, HAXOATCS COCTABIAIOMME €€ maphl {R, V. } u {RJI.I , V]!I }. B cBoro ouepenp,
1 1
Ha ocHoBaHMM {R;,V,}Haxomum chopMUpPOBaBIIyl0 53Ty Mapy JBa HCXOAHBIX BapHaHTa
{R, (x;), v, x,} n {R,(x,),Vv,x,}, T.e. OKa3bIBalOTCA HAWICHHBIMU X| U X , @ Ha OCHOBaHWUHU
/4 1 9]
{R; .V, }naxonum ucxomusie {R;(x;), v x;} u {R,(x,), v, X,}, T.€. OKa3bIBAIOTCS HAUJICHHBIMU U

BCJIIMYHHBI X3 U X4.

Hpuaoxkenue 2: Moaudukanusa anaropurmMa Kerreqass ¢ NOMOIMIBI  HMCMOJb30BAHUS
YuusepcaiabHoii lIpousBoasmeii @ynxuun (YD)

Ecnu BHMMaTenbHO MOCMOTpETh Ha anropuTM Kerrens, MOKHO OOHApYXHUTh, YTO MBI UMEEM
JIEJI0 C TapaMH Yucell, HaJ KOTOPBIMU BBITIOJHSIOTCS CJIEAYIOLIUE MPOCThIE OMNEpaluu: BEIUYUHBI R
YMHOXAaIOTCSI, @ BEJIMYUHBI V' CKJIaJbIBalOTCS. JTO HaOII0/IeHNe HeN30€KHO HATAJIKUBAET Ha MBICIIb: HE
WCITOJIb30BaTh JIM JUISl TTOI00HOM TpoIieAyphl Ipou3Bosilyro Gpynkmuo? B camom aene, Tabmuibr 2
u 3 oyeHb YAOOHBI IS BBIYUCICHUN BpPYYHYIO, OJHAKO JJIsi KOMIIbIOTEpA NPHUBOJIMMAS HUXKE
nporeaypa “oonee MoHATHA U, KpOME TOT0, Oosiee y00Ha A7 TPOrpaMMHUpPOBAHHS.

I/ITaK, BBIPAXXCHHUC
FI(x)=(R,(0)2° +R,()z" + R, (2)z> +..)-(R,(0)z2° +R,(1)z" + R,(2)z>" +..).

Mo CyTH Jena, SKBUBajieHTHO Tabmune 2. Opnako, ucronb3ys YIID MoxHO 3ammcath cpasy xe
BBIpaXXEHHE I (UHATBPHOTO TOJWHOMA JJIsl TIOCJIEJOBATENbHON CHCTEMBI, COCTOSALICH U3
Pa3TUIHBIX OJIOKOB:

S (¥)= H(Rj(O)ZO +Rj(1)ZV/ +R,; (2)sz’ +...)

1<j<n

B ornnume oT cTaHAAapTHON MpOLEAYPHl YMHOMXKEHHS MOJWHOMOB, MBI W30€KHUM TPUBEICHUS
MoTOOHBIX YJICHOB, WHAUE TOBOPS, BCE WICHBI frn4(X) C PABHBIMU CTEHICHSIMH X COXPAHSIOTCA B UX
NepBO3IaHHOM BHJe. [ penreHust 3a1aui HaX0XKICHUSI MAaKCHMAaJIbHOTO 3HAYCHHS BEPOSITHOCTH MIPH
OTpaHWYCHHH Ha CcyMMapHbli o0beM, R(Vimmir), HaM HEOOXOJAMMO TPOU3BECTH ‘‘PUIBTpaInio”
MOJTYYCHHBIX YWICHOB MHOTOWICHA fryn4z(X), KaK 3TO Aenanoch u B Anroputme Kerrems. Kaxnpiit wieHn
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HENPUBEJICHHOTO TIOJIMHOMA frn42(X) IpeoOpa3yemM B maphl TOTO K€ BUa, 4To ¥ B Anroputme Kerrens.
Ecnmu xoro-uHuOyap Bce ke KOPOOUT OT JHMHEWHOTO CJOXEeHHS OOBEeMOB, JaBalTe BIIPEIb
paccMaTpHuBaTh CTOMMOCTH OJIOKOB (COXpaHUB MpEeKHHE 0003HaUeHWUs Vv W V), a y)K CTOMMOCTH-TO
CKJIaJIBIBATh BIIOJTHE €CTECTBCHHO.

VYnopsimounM monydeHHble «KeTTeneBsl mapbl» MO BO3PACTAHHIO CYMMapHOW CTOMMOCTH
3aracHbIX OJIOKOB, V-

I:RIF[N’I/IFIN:L [RZFIN,VzFIN:l, [R3FIN’V3F1N1 ’I:R;?[N’V/F[Nlm

T.C. VjF < V]i’lN JUIS KaXI0ro j . Ternepb, B 3TOM yHOPSI0YEHHOM Habope, HUCKIIOYUM TE€ Maphl, JUIs

KOTOPBIX BBIIIOJHACTCS YCIIOBUC R]HN < Rf_liv .

Taxum 06p330M, AOMUHHUDPYHOIIAas MOCI€A0BATCIIbHOCTD JICTKO IMOCTPOCHA. O,HHaKO, AJIrOpUTM

Kerrens  mpenocraBisier  Takke M CHOcoO, Kak  HATM  COOTBETCTBYIOLIUM  BEKTOD

XOPT — {XOPT OPT OPT}.

1 s Xy e X, A IIpnu UCIIOJIb30BAHUU YHQJ, MbI ITIOJTHOCTBIO NOTCPATIN XOJ PCHICHUA!

OHO «00€e3INYEeHO»!

UtoOsl w30ekaTh 3TOTO, MOAH(PHUIIMPYEM HEMHOTO TMPEIJIOKCHHBIN aJITOpPUTM, BBEIS
CJICAYIOMINE, BO3MOXHO, U ICKYCCTBEHHBIE, HO OYSHb MOJIC3HBIC COOTHOIICHHUS U 0003HAYCHHS.

Hcnonp3yeM BOCHHYIO TEPMHHOJIOTHIO AHTHYHBIX PHUMISH: Jle2UOH — HEKOe COeINHEHHE
BBICILIETO YPOBHS, KO20pma — YHU(UIUPOBAHHAs COCTaBHAs 4YacTh JIETMOHA BCE KOTOPTHI MMEIOT
OJIMHAKOBYIO CTPYKTYpBl), HaKOHEL, MaHunyia — OCHOBHas OoeBas equHMIA. lcmonslyem 5TH
BOCHHBIC TOHSTHUS «B MHUPHBIX Iensx». Manumnynoit (M) HazoBeM JH000M HMCXOIHBIM «aTOMapHBII)
napaMeTp 0JI0Ka CUCTEMbI, HaIPUMEpP, BEPOSITHOCTh O€30TKAa3HOIO (YHKIIMOHUPOBAHUS (HA/IEAKHOCTh)
0710Ka, ero CTOMMOCTb, YHCJIO 3alacHBIX OJIOKOB AaHHOTO TuMa, U T.1. KoropToii (C) Ha30BeM MOMHBII
Ha0Op TaKkWX pas3IMYHBIX IApaMeTpoB OJIOKa, T.e. KOTOpTa — 3TO COBOKYIHAas XapaKTepHCTHKa
sneMeHTa. B Hamem ciyuae, xoropra mpezacrasiaeHa tpumietom Ci(k)= [M;, Mp, Mj3], roe M;; —
HaAEKHOCTh j-ro OJIOKa NpH YCIOBHH, YTO MMEETCS k 3amacHbIX, T.e. Ri(k), M; — cymmapHas
CTOMMOCTb k 3allacHbIX 4acTeH, T.e. kv;, 1 M3 — 4HMCI0 3alacHbIX OJIOKOB AJsl JAHHOTO Cilyyas, T.e.
xi(k)]. 3amerum, 4TOo (aKTUUECKH KaKAbli x;(k)=k, olHAKO, MBI HCIOIb3ye€M TAaKOE CIELHAIBLHOE
0003HaueHne, YTOOBI OTCIEKHUBATh MPUHAMIC)KHOCTh JAHHOTO MapaMeTpa K MCXOTHOW K HadallbHOU
KOTopTe.

Jlernon B HamieMm ciy4ae — 3TO COBOKYNHOCTb KOTOPT, T.€. COBOKYIHOCTh HapaMeTpoB,
XapaKTepU3yIOLMX paccMaTpUBaeMylo MocienoBareiabHyto cucteMmy. (Konedno, cTpykTypa cucTeMsl
He 00s3aHa OBITH IOCIENI0BATEIbHOM, MPOCTO COXpAHEHbI MpeXKHHe AomylieHus.) Mrak, jeruoH B
(bopManIbHBIX TEPMHUHAX 3aIHCHIBAETCS KaK:

Lj = (Cj], Cjz, ng, cee s Cjk, }:
:{[RJ(O)J 07 XJ(O)], [Rj(l)a Vis Xj(l)], [Rj(z)a 2Vj: xj(z)]a ceey [Rj(k)a ij, xj(k)] . }
Teneph BBeleM HOHATHE «63auMOOelicmeus» NerHoHoB (0603HaYMM 3Ty omepaunuio @),

paccMOTpeB CHavaia B3auMOJEHCTBHE BCEro JByX JierMmoHoB. Iloj «B3anMojieicTBHEM» JIETMOHOB
OyzeM IMOHMMAaTh OIEpPalrio, aHAJOTHYHYIO J[eKapTOoBY NpPOM3BEACHUIO: KaXK[as KOropTa IMEepBOro
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JICTHOHAa ((BSaHMOHeﬁCTByeT)> C KaH(ﬂOﬁ U3 KOropT BTOPOTO JICTHOHA. Onepaumo ((B33.I/IMO,Z[€I>'ICTBI/I$[>)

Koropt o603HaunmM ")
WNuade rosopsi, «B3anMOJIEHCTBUE» JIBYX JIETMOHOB MOPOK/IA€T HOBBIN JIETHOH:

C,11 ®C0H C2]’ C'12 ®COH C21’ CIS ®C0H C21’
Cll ®C0H C22’ C'12 ®COH C’22’ CIS ®C0H C227

L*=L, ®" L, =
Cll ®C0H C239 Clz ®C0H C239 C13 ®COH C23’

Jlerko 3aMeTHTb, YTO 3TO MpocTO UHas ¢popma Tabmuusl 4, npuBenéuuHoil Jxxonom Kerrenem B
[Tpunoxxenuu 1. HoBble 0003HaueHus1, HOBBIE CIIOBA, HO, KOHEYHO, caMasi Uies Ta JKe.

B pesynbTate Takoro «B3aMMOAEHUCTBHS» JIBYX JIETMOHOB, Mbl MOJYYWIM HOBBIA JIETHOH,
BKJIFOYAIOIIMH B3aUMOJACHCTBYIOIINE KOTOPTHI.

Kak ke «B3anuMo1eHCTBYIOT» KOTOPTHI?

«Bsanmoneincteue» xoropt Cj u Ciy MOXKHO 3amucarh, Kak

Cir @ Cy =[Ri(k), kv;, x(k)] @[ R(l), vi, x{(1)] =
[Rj(k) ®W Ri(0), ij ®(V)IV1': xj(k) ®(X)xi(l)] = [Rji*a ij’*, xji*]a

T.C. B pe3yabTaTc ((B3aI/IMOI[€I>’ICTBI/I${)> ABYX KOropT IOoJIy4acTCAa HOBas KOropTa C
((B3aHMOﬂeﬁCTBYIOHIHMH>) OIHOMMCHHBIMU MAaHUITYJIAMHU.
Ka)KI[aSI U3 MAaHUITYJI (<B3aHMOHeﬁCTByeT)> C OHHOHMCHHOﬁ MaHHHYHOﬁ I[perfI KOTOPThI I1O

CBOMM HHIMBHIyalbHbIM TpaBmwiaM. B gaHHoM ciydae ®° - «B3ammopeiicTBHe» BeposTHOCTEl
(mpoctoe ymHoxkenue), ®' - «B3ammomeiicTBue» cTomMocTedl  (IpocToe  CIOKEHHE), HO

«B3auMoeiicTBuey ®” Mo3BoNAeT HaKamIMBaTh MHQOPMAIMIO 00 MCIONb30BAHUM 3alACHBIX OJIOKOB
TOro WM MHOro Tuma. (BoT 31eck-To U noHano6unocs 0603Ha4eHue x;(k) BMECTO MPOCTO k , TaK Kak
WHJICKC j YKa3bIBa€T, K KAKOH KOTOPTE, T.€. K KAKOMY TUITy 0JI0Ka, OTHOCHTCS JTaHHOE YHUCIIO 3alacHbBIX
0JIOKOB.)

B pesynbraTe momydaem:

Ri* = Ri(k) ®" Ry(]) = Ri(k) *Ri(0),
Vik = kv; ®" v = kv; + Iv,,

xi* = xi(k) ®% xill) = {x;(k), xd(])}
OLICBI/II[HO, TaKass MaHUIIYJIUA MOKCET OBITh BBIMIOJHEHA C MMPOU3BOJIbHBIM YHUCJIOM

OJJHOBPCMCHHO ((B3aHMO,Z[eI>'ICTBy101HI/IX)> JICTUOHOB. HpI/I 3TOM B C(l)OpMHpOBaHHOfI Ha Oase
PE3YJIbTUPYIOLICTO JICTHOHA I[OMI/IHI/Ip}IIOH_Ieﬁ IHOCJIICA0OBATCIbHOCTH, OJHUM M3 anI/I6YTOB 6y,£[€T

MMEHHO 3HaueHue Bekropa X = {x,,X,,...,X, } , COOTBETCTBYIOILET0 JaHHOMY PEIIECHHIO.
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VII® ynobHa HE TOJNBKO ISl PEHICHUs 33]a4 ONTUMAIBHOTO PE3ePBUPOBAHMSI, OHA TIO3BOJISIET
YOPOCTUTH aHAIHM3 W JPYTUX aHAJIOTUYHBIX 337a4. Hampumep, sl mocaenoBaTeNbHO COSAMHEHHBIX
Y4acTKOB TpyOOMNpoBOJa TIPW aHAIHW3E MPOMYCKHOW CIOCOOHOCTH, MOXKET OBITh BBEICHO
«B3aMMOJICHCTBHE MAHUITYJD» THIIA

7%=721®"2 ® ... ® z,=min { z1, 22, . z.},

B TO BpeMsi, KaK JIJIsl apauleNIbHBIX Y4aCTKOB TPyOOIpoBoIa

Y¥=y1®"y, ® ... @y, = z1+ o+ + 2z,

T.€. BOSHHKAET BO3MOKHOCTH aHAIM3UPOBAThH U CUCTEMBI C CETEBOM CTPYKTYPOIA.

Jna ompeneneHus: CyMMapHOH OMIMOKH, BO3MOKHO HHOT/IA YYUTBIBATH «B3aUMOJCHCTBHE»
BHJIA

W =w1®@"w, ®"... @"w, = \/le +w§+...+w§ ,

U Tak gajce.
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MOU BCTPEYU C THEOEHKO

Hasun Kokec,
Oxcghopo, Beruxoopumarnus

BriepBsie s ycnbiman umst npodeccopa ['HeleHKO B CBSI3U C €r0 IOUCTHHE
KpacuBeiiieii paboToli B 001aCTH TEOPUU IKCTPEMATBHBIX 3HAYCHH.

P. @umep wu JI. Tunmerr wccnegoBaTd €W ONUCAIH MTPEACITHHOE
pacmpeneneHie B camMoil oOmel ¢opme, B TO BpeMs Kak padora
npodeccopa ['Hemenko oObenuHuIa B ceOe BepOalbHOE OMUCAHUE
npobseMbl 1 MaTeMaTUYECKYyl0 TOYHOCTh. [IpuMepHO necsTh, WIM YyTh
Oonee ner cnyctd, npudausutensHo B 1970 roxy, ['Hexenko npueskan B
AHrnuio, nocetun nepsblii YHuBepcurer B r. Hplokacn-anon-TaiiH, uro
Ha ceBepe cTpaHbl. B ropos oH npubsu1 MopeM, a 10 Jlongona nobupancs
M0€3/I0M M MBI JOTOBOPUJIMCH, YTO 51 BCTPEUY €r0 Ha JKEJIE3HOJ0POKHOU
craHiuu. [lockompKy Mbl HMKOTJa HE BCTPEYAIMCh 0 3TOrO, S CKasal,
yro y MeHa B pyke Oyaer Homep JKypnama Koposesckoro
Cratuctnueckoro OoOmiectBa, pazymeercs, cepust b. MHe mokazanoch TOrja, 4To 3TO MO KaKOH-TO
NpUYUHE OYEHb 103a0aBUIIO €T0.

51 BcnoMuHaro, 4To BeTpeuan ero B komHare npuemoB Mmnepuan Konnemka, u, 3T0 66110 UpeBaToO B TO
BpeMsi 0 TIOJUTHYECKUM cooOpakeHusM. [ToMHIO kak OH Toraa OecroKowiIcs MoObICTpee 00paThes
110 GM3IIeXKAIEro COBETCKOTO MocobeTBa. [locie BhIMoIHEeHNs: BceX popMaibHOCTEH, OH YCITOKOMIICS
u cTan 6osee packpernomeHHbIM. OH MPOBEN JBa BEJIMKOJICTIHBIX CEMHHApa, OAMH O 3aKOHAaX OOJBIINX
qrces U enié OJIMH — MPUKJIATHOTO TUTaHa, Ha3BaHKE KOTOPOTO s HE Ceiuac yxKe He TIOMHIO, KaXeTCs T10
TEOPUU OUEepe/IeH WM TeOpUH HAJCKHOCTU. BCrOMUHAKO, KaK OJHAXKIBI BEYEPOM, Ha 00e/lIe y MEHs
JIOMa B TIPUCYTCTBUM HEMHOTHX OJIM3KUX APY3€il, OH CBOOOJIHO TOBOPUJI Ha Camble pa3HbIC TEMBI, O
npousBeneHusix Aratel Kpuctu, Hampumep. OH aKTUBHO Y4acTBOBAJI B JUAJIOTAX M HA JPYTUE TEMBI,
Jlake, €CIIM €0 CIIOBApPHBINA 3amac ObUT HEJJOCTATOYCH IS «IOJHOLEHHOTO» Pa3roBOpa; 3TO HE OBLIO
nomexoi. OH rOBOPHJI, KaK MHE TIOKa3aJI0Ch, C HEOOJIBIINM aBCTPATHICKUM aKIICHTOM — OH TIOOBIBaJ
B ABCTpajnu HE3a0JTO JI0 HaIIel BCTPEUH.

Sl BcTpeuan ero emi€ mapy pa3 mociie 3TOTO BU3UTA, MOCIEIHUN pa3 — B MOCKBe, OH TPUHUMAI TOT/a
rocreii n3 BemukoOputanum, mpuOBBIIMX Ha BcTpeue TamkeHTckoro OOmiectBa bepHyum, Ha
JIOBOJILHO IIIeIpOM OaHKeTe B KAKOM-TO O(DHUIIATIEHOM 3/JaHUH.

He was regarded with affection and respect by those of us who met him on these occasions. The respect
was partly for his massive early contributions to the subject and also for the remarkable way he kept
very productive in research long after retirement.

K HeMy OTHOCHINCH C HEMOJICIbHBIM YBRKEHUEM BCE, C KEM OH BCTPEUANICS B TOT pa3. YBaKeHHE
OBLTIO OTYACTH JAHBIO €r0 OTPOMHBIX 3aCIHyr B MPOIUIOM, HO TAaKXe W JAHBIO TOW BBLIAIOIICHCS

pa6OTOCH0006HOCTI/I, KOTOPYIO OH COXpaHUJI Ha OYC€Hb BBICOKOM YPOBHE U ITOCJIC BbIXO/lda HA MCHCUIO.

urons 2006
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KAK XKE JIETKO BbiJ1O C HUM PABOTATD ...

(socrnomuHaHusi o b.B.HedeHKO)

IOaua KonoxkoruHa,
Mockea, Poccus

S penaktupoBana xypHan "HajgexHocTs W KoHTposib kadectBa' B 1970-1989 rr. Bopuc
BrnagumupoBuu ['HeeHKO y4acTBOBaNI B CO3JaHHUM ATOTO KypHaia B 1969 r. u B pa3Hbie TOIBI OBLT U
YJICHOM PEJIKOJUIETUH U TJIaBHBIM €0 PEeJaKTOPOM.

C ouepeHbIM HOMEPOM U TEKYLIUMHU MaTepHallaMu sl Ipue3kaja K HeMy JIOMOii, 4acTo BMeCTe
¢ N.A.YmakoBbIM, TaKk Kak, [0 Hayaily, clierka pobderna: y4eHbIl C MHPOBBIM UMEHEM, 3arpyKCHHBII
yiMOl paboThl, yke HeMoyoa, oOpeMeHeH Heayramu. Ho Kak jke Jierko ¢ HUM Obuio paboTtarh!
JloOpoayiiHoe OTHOIICHHE K JIFOJISIM - camasi yIMBUTENbHAs ero yepTa. YacTo s MpucyTCTBOBANA TPU
ero teneoHHBIX pa3roBopax. 3BOHUIHN co Bcero Coro3a, M KaXKIIblii pa3roBOp OH HEM3MEHHO HAUYMHAI
cinoBamu:"Sl pam Bac ciplmath /mMspek/!" Y HM TeHH HEITOBOJBCTBA BO BpPEMs pasroBOpa, TOJIBKO
3aWHTEPECOBAHHOCTH U TOTOBHOCTH IOMOYb.

KoHeuHo, ero 100posKenaTebHOCTh U YUTHBOCTh
pacmipoCTpaHssIuCh U Ha MeHs. [loaTomy Mos nernoBas
moe3ika Oblla Bcerma yJaOBOJbCTBHEM. Eciam Moe
ydactue B paboTe He TpebOoBaloCh, 1 HE OCTaBajach 0e3
BHUMAaHUS: MOTJIa M PENPOAYKIIUU MOCMOTPETh, U HOBBIE
KHUTH-)KYpPHAIIBI TOJIUCTaTh, M JaXX€ HHOTJA 3aIlliCh
KJIACCHYECKOW MY3bIKH mociymats. Kazanock, kabuHeT
€ro BMellaJl Bce JyYllHe JOCTH)KCHHUS MHPOBOU
KYJbTYpBI.

bopuc BmagumupoBud OBUT  yIUBHUTEITHHBIM
pacckazunkoM. MHOTIa, 3aBEepIIMB HAIW KypHAIBHBIE
JieNia, eMy XOTEJIO0Ch BCIIOMHHUTh YTO-TO M3 CBOCH JKHU3HH.
O uem OBl HE 1IJIA PeyYb - O OBITOBBIX WMJIM CITY)KEOHBIX
JeNax - OH yMell OBbITh WHTEPECHBIM: B JETASIX, B
OpUTHHAJIBHOCTH OIICHOK. B pacckazax o ciyxkeOHBIX
CUTYyaIUsIX BCET/a MPUCYTCTBOBAJIA JOJISI FOMOpPa, KaK Obl
HACMEIIKH Ha/l TPYAHOCTSIMH.

Bor »nm3on, Ham  KOTOPBIM  OH  CMeEsICS
HECKOJIbKO JecAThuiIeTHil cmycts. Korma o paboran Ha
YkpauHe, CIy4duscs OYEpPeAHOM IICMX03 C TOTAIbHOM
yKpaHuaanuei. Bce uyuTanu neKkIMu Ha YKPaWHCKOM
kpome ['Henenko. Bei3Banu B mapTKOM JTsi OOBSICHEHHIA.

OHn o0bscHu: "4 ynTato Ha sA3bIKe, Ha KOTOPOM pa3roBapuBai Jlenun."
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BOCIIOMHUHAHUA

HanéxHOoCTb: BOIIPOCHL TEOPUU U NPAKTUKH No.3, centsa6ps 2006

Boiblie ero He 0ECIOKOMIIH.

Sl OpuTa Ha ero YecTBOBaHMM B CBS3W ¢ 75-metuem B MI'Y. JleknmoHHas ayauropus Oblia
3arojiHeHa KOJUUIETaMH pPa3HBIX BO3PAacTOB M, OTYACTH, cTyAcHTamMH. OdHIMambHbIC MPUBETCTBUS
COTIPOBOXKJIAJTUCh PACCKa30M FOOMIISIpa O CBOEM JKM3HCHHOM ITyTH, TPHYEM KaKIbIH AMH30/1 ObLT
CBsI3aH Kak-TO C aBTOpoM NpuBeTcTBUM. M Benb Hajo k€ CyMeTh B TE€UEHHME HECKOJBKUX 4acoB
yAepkaTh ayJMTOPUIO B HalpshHKeHHOM BHMMaHuu! He ObUIO M TeHM CKyKH, MOTOMY YTO CIyIIajdu HE
MPOCTO 3aCIy>KEHHOTO0 YYEHOTO, a COBEPIIEHHO COBPEMEHHOI'O SIPKOTO YeJOBEKa C YHUKAJIbHBIM
JKU3HEHHBIM ONBITOM. M ¢ yAMBUTENbHEH, CLIEHWYECKON peyblo, pa3roBOpHasi peub - 3TO 0co0oe
uckycctBo. UM bopuc Bnagumuposuu Bnagen abcomoTHO. M B 3TOM COCTOsJIO, B YaCTHOCTH, €TO
obasnue.

bl AyMaro, 4TO 9yBCTBO IMOYTCHUS, KOTOPOC BO3HUKAJIO ITPHU O6H.[CHI/II/I C BOpI/ICOM BHaHHMHPOBH‘{eM,
OCTaJIOCh Y BCCX, KOMY IMOCHACTIIMBUIIOCH C HUM pa6OTaTB.

- 164 -



NOTE

- 165 -



INIPUMEYAHUA

- 166 -



ISSN 1932-2321
© RELIABILITY: THEORY & APPLICATIONS No. 3 (Vol. 1), September 2006,
San Diego, 2006

http://www.gnedenko-forum.com/Journal/index.htm

- 167 -




